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Shell being ejected from a press after cold nosii 


Steel from Inland—Preferred 


Many new users of Inland steel, like our long- er accepted a large contract for forging and ; 
time customers, know the importance and value machining shell. Inland immediately started Pig 
of Inland Uniform Quality. They know that shipping great quantities of shell steel | 
steel of unvarying quality is a major factor in Inland Uniform Quality. Steel that has 
conserving tools—in lowering costs —in reduc- proved so satisfactory—so trouble-free —that 

ing rejects to the minimum—and, in meet- this manufacturer’s preference is for steel 

ing, even exceeding, war-time production from Inland. 

schedules. Supplying steel for shell is only one of Inlan 
Take, for instance, a certain household appli war jobs. Every ton of steel made at the gre 
ance manufacturer, who not only never had Indiana Harbor Works goes into war product 

made ammunition, or any other war product, —from ships to parts weighing only a f 

but who never before had machined rolled ounces—war products that are helping cl 





steel. Soon after Pearl Harbor, this manu factur- a ring of steel around the Axis. 
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Emergency Steels; 


NE 1300 Series 


ry’ 

Pus SERIES (NE1300) is of carbon-manga- 
steels in the medium carbon range, therefore 
he semi-thorough hardening type and the 
ugh hardening type. The alloying element 


‘pensive manganese, limiting range being 


1.90° and no incidental elements are 
pated in the chemical specification other 
the 
m of the 1300 series in the carbon-manga- 
family of heat treated steels is shown in 

g. | 
rhese are by 
long used by the U.S. Navy in the form ol 
y heat treated forgings and having been con- 
the S.A.E. as the T1300 series in 


ntially the same form (except 


usual amounts of silicon. The general 


steels no means new, having 


list 


=— 
—, 





15 


carbon limits) since 1935. 
their incorporation in the 
d A.LS.L. list of alloy 
the 


\ 
were contained in 4 
ors Corp. standards, , 


hundreds of heats of FRY 

GM. Plain - 
Carbon | 
Jools 


analyses have been 
that corporation in 
years, 


rhese manganese 





roximate Chemical Limits 


\ Pearvitic 
| Steels 


ex Safe linit & ee ae 


3) for Water 
4 §Quench 


Sorings 


(Nn PORTS © 
Free Cutting and Carburizing Steels 


ol 


therefore 


carbon 


the 
0.40 


in range 
to 


been very popular in the auto- 


steels 
0.30 have 


motive industry for such parts 


shafts, main bearing 


bolts, 


axle 
bolts, 
rod 


as 
engine connecting 


bolts, studs, timing chain 
links, brake drums, flange yokes, 
ball 


In 


sleeves, stud and vokes, 


flanges and so on. industry 
in general, outlets for this grade 
of steel include pressure cylin 
ders, logging and road machin- 
ery, gears, shafting, axles, 
pistons, miscellaneous bolts and 
studs, and many other machine 
parts. 
The 
content 


a carbon 


0.60 


steels with 
of 0.45 to 
widely used in making oil-hard- 


ened gears, axles, shafts, grind 


ing balls and for other uses 
where abrasion resistance, high 
strength and fair ductility are 
required 
Millions of 


shell have been made in 


high explosive 
recent 
vears of analysis conforming to S.A.E. T1340; the 
had 
malized metal, but an impending shortage of man- 
the 
content and the adoption of heat treatment 


required high physicals could be with nor- 


ganese caused a_ reduction in manganese 
(quench and draw) to achieve the desired strength 
and ductility. 

Manganese has long been known as a strength- 
ener in steels. A _ structural steel which would 
classify as NE1335 was used in as-rolled condition 
in the main members of the huge bridge 
built in 1929 over Kill Van of New 
York City. (Strong structural steels of this type 
were continued by U.S. Steel Corp. under the trade 


A 50! 


arch 
Kull, south 


name of “Man-Ten”.) increase in strength 
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Table I— Acceptance Tests on 27 Heats of S.A.E. 1 


(17; to 1%-in. Rounds, Forged to 1y4-In. 


From 


330-A Steels (Buick) 
found, Water Quenched 


1550° F., Drawn 2 Hr. at 900 


lowing statement 
1929 by the lat 


F.) r: 
McKinney, descri! 





STANDARD 
DEVIATION (a) 


ARITHMETIC 


PROPERTY 
AVERAGI 


Carbon content 0.300% 0.017 


Manganese soo0% 0.119 


Grain size (b) 

J-45 hardenability (<« a 
Ultimate strength 142,500 psi. 
Yield point 130,400 psi. 
Elongation in 2 in. 18.5° 
Reduction of area 60.30 

P value (d) 100.82 


0.8 
8.300 
12,100 


1.1 
2.3 
1.92 





tice at the U.S. N 
Factory: 
“We 


some experien: 


EXTREME VALUES 


MAXIMUM MINIMUM have | 


0.3: 
1.9: 2. manutacture of 
5 from these high n 
G4 2.6 
160,200 130.800 
151.800 111.900 
20.5 16.25 
64.4 55.8 freer 
103.57 96.49 


steels as a result 
it is concluded 
grade of steel is 
the 


found in f{ 


from 


defects 








(a) Three quarters of the observed values may 
be expected to fall within this range, plus or minus. 
(b) By MeQuaid-Ehn test. 
in in. from end of Jominy test 
1550° F.) to Rockwell 


Distance 
from 


(c/ 
(end-quenched reach 
hardness of C-45. 

T + 6R 


(d) is where T is the ultimate strength 


) 
in 1000 psi. and R is the reduction of area in 


in bridge columns made of this steel, as compared 
with members of the same design built of ordinary 
carbon structural steel, was proved by large-model 
tests made at the Bureau of Standards. Average 
results of mill tests from 168 heats of steel for this 


arch bridge were: 


1.63% 


silicon 


0.330% carbon, manganese, 


0.18% 


ANALYSIS: 


SPECIFIED 
MINIMUM 


101,600 psi. 90,000 
58,600 psi. 55,000 
19.5% 16 
12.0% 30 


AVERAGI 


Ultimate strength 

Yield point (drop of beam) 
Elongation in 8 In. 
Reduction of area 


Manufacture From the steel makers’ view- 
point, the manganese alloy steels require a little 
more care than the other alloys, the manganese 

having a tendency to segregate in the ingot. 
However, the handling of scrap constitutes less 
of a problem, as the recovered manganese is an 
essential addition to all steels. Segregation Is 
exhibited as a pronounced banding in the 
microstructure and, if banding is extreme, it 1s 
undesirable for the following reason: Unless 
the annealing of a badly banded steel is pro- 
longed or repeated, the manganese will not 
have time to distribute itself more uniformly 
throughout the metal, and the high manganese 
have sufficient hardenability to 


regions will 


develop hard spots after cooling in air, with 
consequent damage to cutting tools, finish, and 
general machining properties, 

Forgeability may be appraised by the fol- 


stock and is capal 

being forged into dif 
shapes with greater ease and is generally sup 
both from the standpoint of forgeability and 
ceptibility to heat treatment than any of th 
bon or alloy steels capable of being work 
equal physical properties. These characteris 
ot course, apply only to steel that has been 
duced under proper melt practice, as this gra 
steel requires at least the same careful att 
in melt practice as is necessary in the produ 


of the recognized alloy steels.” 
Buick Practice on 1330 and 1340 


The following data represent practice at ! 
Motor Division, General Motors Corp.: 

The most important application for th 
tvpe on the Buick car was for axle shafts 
shafts were taper-rolled on the body, and ups 


the end forming a large flange. They were 


(leaving the flange out ol 
and drawn to Brinell 


All machining was performed after > 


water quenched 
water ) hardness of 34 
388. 
treating 

Table | shows acceptance tests on a series 


ee 
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_—_ Ultimate. 
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Fig. 2— Influence of Carbon and Manganese on Ulum 
Tensile Strength of \ E 1300 Steels, in the Norn lized | 
dition and After Quenching and Drawing 2 Hr. a™ 
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wareag © pee Table II — Acceptance Tests on 26 Heats of S.A.E. 1340-A Steels (Buick) 
random from (1-In. to 3%-In. Squares; Average 1% In.; Forged to 1ys-In, Round, 

rds. Manganese Oil Quenched From 1550° F., Drawn 2 Hr. at 900° F.) 

s the depth of 

in steels and the ; | ARITHMETIC STANDARD 

ibility of the PROPERTY AVERAGE DEVIATION (a) 


ries is quite suf- 





EXTREME VALUES 
MAXIMUM | MINIMUM 


Carbon content 0.404% 0.029 0.46 0.37 
Manganese 1.839% 0.091 2.00 1.65 
: Grain size (b) 7 =" 8 5 

/f mass is avoided J-50 hardenability (c) 8.9 3.0 16.2 1.6 
esults in the table Ultimate strength 166.950 psi. 10,600 178,600 142.000 
Yield point 154.400 psi. 14,300 168,200 119,600 
Elongation in 2 in. 14.9% 0. 16.0 2.75 
Reduction of area 51.5% 2. 56.9 $5.1 
ibly be expected P value (d) 95.2 2, 99.0 90.8 
ut a moderately 


harden the forged 
to the center, so 


itive of the range 


rties which may 











ce, quenched and Notes (a) to (d), see Table I. 


as specified. 
It will be noted that the manganese varies and were found to act much like the old steels in 
er a much wider range than the carbon, but all the manufacturing steps of forging, annealing, 


inganese in the specified range has compara- heat treating, and machining. 
Hively little effect on the properties as heat treated, The G.M.C. 1340 transmission gears are 
aS shy 
PP” value, an appraisal of strength and ductility, long, with a capacity of 1250 lb. per hr. The zones 


1 by the curves in Fig. 2. (Likewise, the annealed in a four-zone continuous furnace, 37 ft. 


s quite constant, the standard deviation of the are controlled at the following temperatures, start- 

Y rded results being less than 2°.) ing at the charging end: 1575, 1575, 1180, 1180° F. 

Izod or Charpy impact values of fine-grained The Brinell range set up for this job was 187 to 

0) steels are somewhat lower than nickel and 207, aiming at 197 to 207. The annealing cycle 

el-chromium steels when hardened and then resulted in a pearlitic structure with about 10% of 

red to 200,000 psi. tensile, but are fully spheroidal cementite, a microstructure found to 

it the higher draws and tensiles shown in give the best all-around machining properties for 
sl and IL. this particular job. 

G.M.C, 1340 steels were substituted for S.A.E. Reference to the “S curves” of other steels 

teels (nickel-chromium) many years ago, (page 617 of October 1942 issue) will indicate that 

this annealing is of the 

“short eycle” type and 

heated the forgings 150° 

above the upper critical 

temperature (Ac 1430° 

F.) and gave them about 

2 hr. for carbides to 

go into solution in the 

austenite. Passing on into 

the cooler zone, the work 

was cooled fairly quickly 

to Ar,, the lower critical 

on ordinary cooling, 

where the transformation 

from austenite to peartlite 

and ferrite (soft constitu- 

ents) is most rapid. This 

transformation is com- 

pleted while the tempera- 

ture is held at or near Ar, 

(1180° F.) during the 

2-hr. stay in the exit half 

of the furnace, and on 

emergence the gear blanks 
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ers 


re fully softened and can be cooled in any con- limit on the J-50 or the J-45 measureme 


venient manner.* need to be set. (For an interpretation of 


Table Il is a summary of acceptance tests on see Metal Progress tor November 1940, 


RMR 8 Ve ryt < 


26 heats of these steels. Sizes ranged from 1-in. 

squares through 1,4, x 2%s-in. bars up to 3%-in. NE 1345 for Tank Track Parts 
squares. Size introduces no systematic variation 

forged to 1 in. and Buick is at present using large qua) 


NE1345 for end connectors, which con 
part of the tank track. These parts ar 

as important as carbon in determining properties, and then annealed using the following tem) 
and so the analysis can tolerate greater variation cycle: 1450, 1450, 1180, 1180° F., which results 
the a Brinell hardness of 179 to 207. Resulting st 


“4 


pseu 


in properties, when bars are 
heat treated before testing. 
Figure 2 again shows that manganese is not 


a 


in manganese content. As a matter of fact, 
group of deliveries summarized in Table Il would ture is lamellar 
conform better to a specification of 1.70 to 2.00% roidal. This structure and hardness seem t 
manganese than the NE limits of 1.60 to 1.90. entirely satisfactory to sub-contractors 
Generally no trouble would be encountered unless machine these parts. (NE9445 is also used 
this same job with the same annealing cyck 


pearlite with about 10° » 


carbon and manganese were both at top limits. 


+ ———, 


' ; 

SAE T-1330 SAE T-1540 SAE T-1845 
a hn OE 1) | wT re s$ Siren S| Ay ISIS 
Acs 1480% ||| Quenched in Oil | _ ih ens os Acs MIOY 
Ar, 1160°% | | | | Ag 1160% 


|Heat Treated 7 ee . ™ ~ | Heat Ireated 
(Normalized: 1600% a D8 | Normalized: '55 
— |Quenched in + |—prensile Strength | || 050 veo quenched in 
\ ie Strength" Oil: 1550% 
+ 4 _ ] > + + + + + ++ + TS. + + 
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1 1 
JO0OG ~=I200 400 G00 800 7000 
Draw Temperature, F 
Fig. 3, 4 and 5—Tensile Properties and Hard- 
' ness of Fine-Grained T1330, 71340 and 
“P values” of these 1340 steels are not as os : po ; : 

. a r ' f 1330. but still [1445 (Courtesy Republic Steel Corp. and 
high or as uniform as they are for low, Dut sti Bethlehem Steel Co.) After Various Heat 
the steels have excellent toughness even when Treatments on 1-In. Rounds. Values represent 
reasonably hard. The largest variations in both averages; safe minimums for ductility for 
the 1330 and the 1340 steels are in hardenability, given strength will be represented by figu 
temperatures 300° F. 


1450°FC 
IG50°AC. 


As Rolled 
Amealed 
Normalized on 


as measured by the Jominy end-quench test. This for drawing 
is a matter which would be of greater importance 


in large pieces which would need to be hardened the same hardness range as for the 134 


to the center, and in those cases a definite lower structure obtained with the 9445 is entirely 
on = m ; roidal with the configuration characteris! 
*While complete “S curves” are not available, 
the effect of manganese on retarding the transforma- 
tion from austenite to pearlite (and thus increasing 
the air hardening and depth hardening effect) may the “medium manganese” alloy stee 
> j . ; » fac ‘ » time art trans- 4° . . + os g 

be judged from the fact that the time to start tra ' NE 1300 series that is difficult to express 
formation at 1000° F. close to the nose of the S : i ‘ : 
- % tively is their superior abrasion rests 

curve is 1 sec. for 1% manganese, 10 sec, for 2% . 
manganese, and 400 sec. for 4% manganese, whereas 
it is only 2 sec. for 4% nickel in steel. gears. 


— 


molybdenum steels.) 
Abrasion Resistance — One useful p! 


doubtless one reason for their satisfacto 
However, even in the as-rolled « 
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sisting steel bars and plates for launder 


rs e handling equipment, dredges and 
vices have been marketed since 1930 by 
Steel Corp. as “AR” 
At Brinell hardness of 200 to 


this steel is 


orn -Illinois steel 
| NE! wr 1350). 
0, 1 ng inversely as the gage, 
li ibricated by boiler shop methods, vet still 

to three times the life of carbon steel. 
sical Properties charts of S.A.E, T1330, 
1345 are given in Fig. 3, 4 and 5. Average 
viven in Tables I and II 

may be compared with these curves, 


Ph 
340 a 
alue for a draw 

a 

mf O00" I 

i 
«] should emphasize that any property will vary 

when results from 

ume! Graphs like Fig. 


to 5 are therefore of most use in showing the 


r a considerable range 


is heats are compared. 


Wrend the values will take when the drawing tem- 


erature is changed. 


Annealing Practice 


Annealing of the NE1300 series steels need 
rause no difficulty unless the manganese is badly 
Kegregated in the microstructure, In that case, the 
Msieel may be rescued by a long anneal at relatively 
gh temperature (say, 6 hr. at 1700 to 1800° F.), 
ollowed by a low temperature normalizing at 
we’ to refine the grain. (Double normalizing, 
ce at 1500 and again at 1400° F., has also been 
ecommended to banding, 
prain, decrease hardenability, and increase impact 
Mesistance.) If “eycle annealing” is impossible, 
® rapid cooling through the Ar, to Ar, range is 
lesirable to avoid growth of ferrite envelopes and 
e-concentration of alloy, and from there on down 


suppress refine the 


avery slow cool. 
NE 1300 steels analyzing on the high side of 
Hianganese, especially the higher carbon steels, 


bere much more susceptible to hard spots when 


Supposedly in the machinable condition, since 
Mhese steels, even when not segregated, have so 
muuch carbon and alloy as to be “air hardening” 
pi almost any size. Consequently “cycle anneal- 


ig’ is most desirable, under schedules already 


Beiven iding the steel at around 1175° F. long 
rnough for the complete transformation of the 
Biuste Otherwise, a slow cool in a furnace 
for e ed with lime) from 1200° F. at no faster 

ile than 5° per min. is necessary to avoid trans- 
»°rmation of some of the austenite into hard mar- 
Bensit ven in a homogeneous microstructure. 


neies of the 1300 steels toward temper 
ruth *— that 
Ne m the draw 


is, to lose toughness if slow 
are now seldom if ever 


d, since alloy steels now-a-days contain 


ous olybdenum to prevent it, this being 
mp ieke ‘rom the alloy scrap used. S$ 


May, 1943; Page 715 






Quench on Rising 


or Falling Heat? 
By Metallurgicus 


- MY MIND the injunction to “quench on a 
rising temperature” is an old saw that is out- 
moded by modern facilities; it, like engineering 
gray cast iron of 10,000 psi., the lost art of hard- 
ening copper, failure by crystallization of metal, 
and the use of White Rock for quenching, seems 
to me to be so remote from current practice based 
on knowledge that it belongs in the folk-lore of 
metallurgy. 

Brearley’s “Heat Treatment of Tool Steel” 
(published as long ago as 1916) says on page 59: 
“The usual works-practice is to quench out the 
steel from the highest heat attained; but there 
need be no hurry about it, as the temperature still 
has a long way to fall before it passes the lowest 
point at which the steel will harden.” He goes on 
to point out the advantages of permitting the 
steel to cool toward Ar, before quenching. 

It is of interest to note that Palmer's “Tool 
Steel Simplified” (1937) does not, so far as I can 
see, refer to the “rule”. Harry Knowlton’s “Heat 
Treatment, Uses, and Properties of Steel” tells us 
on page 413 that it is not necessary always to 
“quench on a rising heat”, that, in fact, it is some- 
times better to cool nearer Ar, before quenching. 

Sherry’s “Steel Treating Practice” tells us 
that the rule “do not harden on a falling heat” 
and due to 


arose from the cracking 


incomplete hardening when the piece is quenched 


warpage 


from within the Ar,-Ar, range. 


The rvasons why such a “rule” ever was 
promulgated may be as follows: 

. Furnace temperatures before 192 am 

l. Furn temperatul before 1920 vd 


forge-fire heats— were generally inadequately 
controlled, and oscillations of 100 to 200° were to 
be expected. Of course, today nobody ever hard- 
ens a piece of steel except with pyrometric control 

-or am I wrong? Anyhow, when heating of that 
sort was necessary, obviously to avoid the inher- 
ent dangers of overheating (see also below) a 
rising heat that is, catching the temperature 


as it rose gave best likelihood of minimum 


overheating. 
2. Since the “rule” is an old-timer, it may be 


assumed that carbon steels (Cont. on page 752) 
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Chemist 
Vetallurgist 


Organizer of Research 


; T HAS BEEN nearly 16 vears since JOHN 
SouNSTON became the first director of research of 
th: ted States Steel Corp. Nowadays, when a 
gical company installs a research labora- 
obe into “pure science” no one is sur- 
d or alarmed. But in the roaring 1920's, 
every dollar in the business budget was 
sed to triple itself or get out, fundamental 
was understood to be the plaything of 
versities, and the steel industry generally 
ttle time for it. When, in 1927, Big Steel 


spend money on a long view of science, 


uncement understandably caused quite 
as Even the New York Times congratulated 


poration in a cautious editorial entitled 
lurns to Research”. However, it approved 
wly selected director of the laboratory 
caution, saying: “Doctor JoHN JOHNSTON 
ale is a scientist ably qualified by technical 
and experience to explore a field in 


scientific and industrial honors are to be 


beyond doubt the Board of Directors of U. S. 

eel Ww convinced that research was a good 

| s. but they were also a little nervous about 
| , iby, for the Times editorial continued: 


ine iry’s announcement of what his Board 

Dit rs must have regarded as a daring 

is phrased with ... guarded optimism. 

committee will keep an eye on the 
boratory.” 

ry} he late Judge Gary’s optimism was 

ded is evidenced by some of his com- 

tS ported in the press at the time of the 

nt. He said, for example, “While the 

has no money to waste intentionally, 
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we have money to expend if necessary.” He said 
that the Board didn’t expect miracles, “but,” he 
added, “we will have patience. . .” 

A less tough-fibered Scot than Dr. JoHNnsToNn 
might well have been discouraged at the start by 
this doubletalk and guarded optimism. However, 
late in 1928 the new laboratory had its beginnings 
in some unoccupied rooms at Federal Shipbuild- 


ing Co.’s offices, and today more than 15 years 


later — this laboratory at Kearny, near Newark, 
N. J., is as important to U. S. Steel as the Mesaba 
Range. The director of research was a notable 
man in the field of chemistry long before he came 
to Kearny, and his stewardship there has added 
to his professional stature. He has elevated the 
standards of steel making in the Corporation and, 
indirectly, the technique of manufacture in gen- 
eral throughout the world. For a long time now 
the Board of Directors has stopped holding its 
breath, and the finance committee has found 
other things to keep its eye on. 

Joun JOHNSTON was born in Perth, the 
entrance to the Scottish highlands, and remains 
essentially a Scot in everything that matters. He 
is not the Sir Harry Lauder type ot professional 
Scot, or the “hoot mon” character in the dialect 
stories, but rather a quiet, keen, long-faced man 
with equal parts of dourness and humor, both 
carefully restrained. An unusual number ol 
philosophers and scientists have been nurtured 
by the ruggedness of Scotland and the uncom- 
promisingness of Calvinism, and JOHNSTON is an 
exemplar of the cerebral Scot. He is, as they say 
on the whiskey labels, “distilled in Scotland”. 

Even for a scientist, JonHNsTon has had an 
impressively complicated scholastic career, punc- 
tuated at intervals by Hon. D.Se.’s and Hon. 
M.A.’s, a two-year fellowship in Germany, and 
teaching chores at M.I1.T. and Yale, but at heart 
he’s a St. Andrews man, from which university 
he received his B.Se. and his Doctorate. The 
whole list of his honors, with dates, is tabulated 
in “Who's Who” if anyone ever has to memorize 
it. The fellowship in Germany was at the Uni- 
versity of Breslau where, beginning in 1905, he 
worked for two years under Dr. Abegg, who was, 
on the side, an amateur balloonist a fatal 
hobby. 

When Dr. JounsTon came to America in 1907 
he expected to remain here about a year. He ts 
still here. His first year was spent as a research 
associate in physical chemistry at Massachusetts 
Institute of Technology where he worked under 
Professor Noyes on the conductivity of aqueous 
salt solutions. In 1908 he joined the staff of the 
Geophysical Laboratory of the Carnegie Institu- 
tion in Washington to investigate the behavior 










































of various substances at high temperature and 
pressure, to serve as a guide in the interpretation 
of geological phenomena In this same year he 
married DorotHny Hopkins; they have three chil- 
dren, a daughter and two sons, all now grown up 
and married, 

After eight years in Washington he went to 
St. Louis to head the research department of the 
American Zine, Lead and Smelting Co., and so 
broke into the metallurgical profession, but this 
job was soon cut short by our entrance into the 
World War, at Mines 


asked him to help investigate war gases then 
Early in 1918 he became 


which time the Bureau of 


under intensive study. 
secretary of the newly formed National Research 
Council, which was (and still is) mobilizing the 
scientific talent of the country for the war elTort. 
was chairman of the Coun- 
For the 


distinetion alt 


At the war's end he 


cil’s Division of Chemistry. next seven 


vears Dr. JOHNSTON taught with 
Yale where he was the first Sterling Professor of 
Chemistry, and later Chairman of the Chemistry 
was in 1927, as the 
S. Steel Corp. called him to 
direct its new general research laboratory. 
Before that the 
the Corporation had carried on research, but each 


Department. It we said in 


first place, that U 
time several subsidiaries ol 
branch was interested primarily in its immediate 
operating problems, and very little was intention- 
ally devoted to general studies applicable to the 
entire industry, or on fundamental problems that 


might return dividends at some future time. 
What Dr. JOHNSTON was able to do in his new 
laboratory was to survey the possibilities ot 


improving the quality, and fitness for its purpose, 


of his company’s chief product — steel — and to 
study the auxiliary materials and machinery nec- 
Much of the 


tery’s work has been to determine the precise 


essary for its production. labora- 


temperatures at which chemical and physical 
changes take place in steel and its alloys, and the 
An outstanding 
the 


and the interpretation with their help of many 


time required for these changes. 
instance is the development of “S-curves”, 
obscure facts concerning wire manufacture and 
the heat treatment of toolsteels and engineering 
steels generally. The exact knowledge of these 
things has led to better control of the properties 
of the finished product, and has helped to improve 
operation and economy in many industries, espe- 
cially those that require special steels. Not only 
bas the proportional amount of the special steels 
doubled but 


an appreciable reduction in the serap pro- 


been and redoubled, there has also 


been 
duced and the weight of fabricated steel actually 
used in many industries. All of this is of course 
to those who have 


and 


familiar to metallurgists 
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followed the many technical contribu 
the Corporation’s laboratory lo @ T: 
and other journals during the past 15 

The success of the laboratory's 
ultimately be attributed to the genius 
Willard Gibbs, the 


Gibbs's 


now long dead 
century Yale mathematician. 
and his work on equilibrium in het 
systems are the basis, says JoHNSTON, « 
the fruitful metallurgical research bei: 
on today, and will make possible infinitk 
in technology as his ideas 


are more 


understood and applied. JOHNSTON is 
disciple of Gibbs and ranks him high a 
great scientists of all time. 

Today much of Dr. JOHNSTON’s wor 
war problems submitted by various bi 
the Government. He is an active memb 
War Metallurgy Committee, and while t! 
of this irrelevant here, it 
that the foresight of U. S. Steel in maint 


laboratory for the study of pure science 


work is Is Ss 


paving dividends to the nation in war, 
contributed to the technology of peacetii 
success of such a laboratory depends la 
the quality of its personnel, and Dr. J 
has been at pains to surround himself 
of high calibre. 
rot enough, he thinks, in men who do 
of work: imagination and resourceful: 
also needed. 


Dr. JOHNSTON is a constitutionalls 


nan, given to temperate judgments. Whe 


recently whether he had any pet hates 
sidered his answer for a full minute bet 
it. “Sham,” he said. He can 
length about his work, or his associates 
and of course about 
the 


becomes monosyllabic and slightly unco 


steel, 


when conversation turns to hi 


He admits, however, that for more than 
he and his family have spent their vac 
Mt. Desert Island off the coast of Ma 
Desert (Bar Harbor) is the place wh 
vood professor wants to go before he d 
learned doctors 


every summer, the 


vreat universities, with their tweeds 


pipes and their children, gather to relay 
according to t 
If at 


were to wash over the island at the hes 


tennis and picnic, and 
to exchange repartee in Latin. 
America would b 


season, learning in 


for 50 vears to come. To the questio 
what Dr. JoHunsron does when he ts n 
ihe phase rule, this 30-year habit m 


the answer. 


Epvwarp C. McbD 


talk easily 


Willard Gibl 


Mere professional compel 
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New Pathway 


in Engineering 


I, reduction to metal” of any machine o1 
e, the engineer is faced with at least 
eral problems. These problems are best 
ned by an example, as of a bridge, particu- 
new type such as was the Eads Bridge 
Mississippi at St. Louis in 1880. They 
the following order: 
What 


By These include both the dead load 


loads are to be carried at what 
icture itself, and the live loads of traffic, 

ind future, plus the loads of snow and 

d the effect of temperature variations on 
oad 

lhe useful strength of the available mate 
used in construction 

rhe details of the design, including con- 

ind fittings, taking into account all the 

stributions, whether around bolts and 
mong the main or secondary members 

“ redundancy. 

‘he local strength of the metals used, as 
by unforeseen defects and variations, 
rging and casting defects, cracks due 
r heat treatment, or other causes of 
il! weakness. In general this problem 

he reliability of materials, rather than 

se performance. 

is a further general subject common 

that of upkeep 


a bridge this is 


tures and machines 
n In the case of 
rrosion protection, but in machinery, 
This 


ot be treated in the following discus- 


ibrication would be included. 


is a briefed version of a talk before 


+s 
Ss The 


By Alfred V. de Forest 
Professor of Mechanical Engineering 
Vassachusetts Institute of Technology 

Cambridge. Mass. 


the Philadelphia Chapter, @, in 
January 1943. 
four “problems” are 


divided somewhat arbitrarily, 
but the division assists in giving 
a clear picture of the applica- 
tion of several new techniques 
available for their solution (and 
some of these new techniques 
will be described in what fol- 
lows). All these problems must 
be considered by the engineet 
in their relation with each other, 
as improvement in methods of 
solving any one of them may 

influence the remainder. 
Improved methods ot cal- 
culation in the growing field of applied mechanics 
have greatly assisted the solution of the first prob- 
lem. In the case of wind loads on bridges, great 
improvements have taken place by including 
vibratory aerodynamic forces as well as consider- 
ing only static loads. Neglect of vibration, set up 
by wind loads, wrecked a big suspension bridge 


in Washington, only recently 


Vew Strain Gages for Measuring Loads 


However, many questions of loads and their 
distribution can best be approached from the 
experimental side, and | wish to mention a new- 
comer in this field, the 
This device, due to Simmons of California 


resistance-wire-strain 
gage. 
Institute of Technology, 
to Ruge of Massachusetts Institute of Technology, 


and in its working form 


consists in a small grid of one-mil wire supported 
by paper or plastic and cemented firmly on the 
When 


stretched the wire changes its electrical resistance 


spot where strains are to be measured. 


linearly with the stretch (strain) even bevond 


the elastic limit of the wire. Static or dynamic 
strains up to the highest rates of explosive loading 
may be measured or recorded with any required 
degree of sensitivity above a millionth of an inch 
per inch. The limit of usefulness is up into the 
plastic range of the metals 

Such strain gages are particularly good tor 
measuring dynamic working loads that cannot be 
readily calculated, as well as in proving the 
validity of different assumptions as to natural 


periods and modes of vibration. The first reliable 
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measurements of airplane propeller stresses were 
derived from carbon-resistance gages,' the fore- 
runners of the wire gage. Many measurements of 
loads in airplane structures during test maneu- 
vers are recorded on multi-element oscillographs 

or by the latest recording system in which the 
changes in gage resistance are used to modulate 
the frequency of a short radio wave, transmitting 
to the laboratory oscillograph the strains during 


test flight from distances up to 1500 miles! 


2 —mne ge Mpemme e A mn. ae ve v a - er > 
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mpact 
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Cathode-Ray Oscil- 
Partial 
Strain 

SeC- 


hig. 1 
lographs Showing 
Reflection of Elastic 


Waves at Change of 


Fig. 1. 
ence 2 and can be nicely worked out ana 


This example was described I! 


by means of DeJuhasz’ graphic dynamic | 
but with more complicated conditions the 
is more difficult. 

Figure 2 illustrates the hoop tensio: 
occurring at the powder chamber, the « 
the the 
30-caliber rifle of the recoil type. 


semi-at 
Also S 
the elastic train of longitudinal strain w 


barrel and muzzle of a 


up in the barrel by its impact on the bree 


correspond to the fundamental mode of vib 


Other measurements were made to deter 


whip or bending vibration, which in al! 
types of guns deforms the barrel before th 
the 


this gun barrel the whip due to the pr: 


has reached muzzle. It is apparent 


powder is but a fraction of that due to th 


tion set up when the recoiling barrel | 


breech. 


{ compact strain indicator for 


static loads is shown in Fig. 3. This devi 











Steel Bar. Gages 
l, 2, and 3. 
suspended bar 
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Barrel of Johnson Semi- 
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Breech. 


tion of elastic strain gages 


Sketch shows loca- O J 


Rapid loading, such as occurs in impact test- 


ing machines and steam hammers, develops 


stresses notoriously difficult to calculate, but 
which are easily measured with wire gages and 
commercial cathode-ray oscillographs. This class 
of problem deals with the propagation and reflec- 
tion of elastic which in steel travel at 
17,000 ft. 


cases are difficult to handle analytically. 


waves, 
and in any but the simplest 
The 


partial reflection of elastic strain waves at a 


per SCc., 


change in diameter of a steel bar is illustrated in 


'‘Superscripts refer to the bibliography, at end 
of article, page 752. 


4 5 & 


7ime, Milli-Seconds 
12x 9x6 in., weighs 25 Ib., 


ures opera! 


self-contained batteries, and is gradu 


micro-inches. This device is operated 


1000-ceycle current and is a _ null ins! 
Neither temperature, vibration nor gray 
affects its accuracy. 

Figure 4 is a scanning recorder, wh 
matically records the strains at 48 gage 
a period of 3 min., and is particularly s 
following strains in aircraft structure 
shop testing. After each complete cycle 
ings the applied loads are changed and 


of readings placed on the same chat 
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f each gage, or 384 readings, may be 
re changing to a new paper disk. This 

1000-cycle bridge on the null system. 
rience so far indicates that the wire gage 
| adapted to improve our knowledge of 

ads and stress distribution, and thereby 
greatly in obtaining rapid answers to the 
lem that of anticipated loads. 


Strength of Materials 


second problem, that of the strength of 
s, is fairly well understood by readers of 
ogress, for this is in the field of metal- 
a fertile and well-plowed land, as may be 
American 


seen at any meeting of the 
for Metals. The history of great events 
h the Eads Bridge shows that this was not 


so, for 65 years ago the engineer had to 
his materials to suit his needs, devise full- 
testing machines to prove his conclusions, 
| bribe steel makers to obey his instruc- 
id brow-beat investors into supporting his 

ise 
Now, conditions have changed in some of 
espects; especially is the basic strength of 
ils better known and more carefully con- 

Defective or sub-standard metals present 


ss likelihood of disaster than any of the prob- 


Metallurgy is becoming 
abundant 


ve have outlined 
nee as well as an art, with 

es of skilled man-hours and great treasure 

ts disposal, and in its sweeping advance has 
n progressed beyond the ability of designing 
| construction engineers to keep in step. Faced 
h the shortage of metals due to war produc- 
find that in very many cases too much, 
specialized, too expensive, and too elegant a 
se material has been too freely used in our 
ering, and the shortage is now giving us 
rectify these 


ortunity to appraise and 


fa period of over-abundance. 


Tools for the Stress Analyst 
third problem, that of refinement of 
is therefore becoming recognized, and a 
specialists is developing from the engi- 
anks under the name of stress analysts. 

be expected, the greatest urge comes 
aircraft field, for there excess weight is 
illy most expensive. In both the air- 
| its power plant, dead weight is impor- 
because inertia loads are involved, any 
of weight will remove a far greater 
n of the load than in a corresponding 


icture For instance, a lighter piston 


means less inertia load on the piston rod, which 
in turn may then be made lighter, resulting In a 
lighter crankshaft, less vibration and a lighter 
In this way a pound removed from 
mean several pounds removed 


crankcase. 
the piston may 
from the engine as a whole. 

A most useful tool in the hands of the stress 
analyst has been provided by those other special- 
ists, the photo-elasticians. The recent extension 
of photo-elastic measurements into the third 
dimension has made this method all the more 
valuable to engineers, and equipment for examin- 
ing sheet models in two dimensions ts now a part 


of all well-equipped laboratories. 





Indi- 


Veasuring Micro-Strains 


fig. 3 Null Point Strain 


cator jor 


Less recondite tools for stress analysis are 
brittle 
frequently in conjunction with each 


srovided by coatings and by resistance 
wire gages 
Under the trade name of Stresscoat, brittle 


The method con- 


other. 
lacquer has been widely used.’ 
sists in spraying a part or an assembly of parts 
with a coating which cracks well below the elastic 
limit of the metal, plastic or wood under investi- 


loaded 


maximum strain are indicated by the local crack- 


gation. If progressively, the spots of 


ing of the lacquer, even though the region is a 


fillet, the root of a screw thread, or metal sur- 


rounding an oil hole. The sensitivity of the 
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lacquer in each test is determined by a calibrating 
bar, coated, dried, and loaded at the same time as 
the test. 


or models of different and more convenient mate- 


Full-size parts or models may be used, 
rials. For instance, sand-cast aluminum crank- 
shafts may be substituted for steel forgings, and 
the model may be whittled down in the regions 
of low stress to arbitrarily reach a better design 
Very nice work of this kind can be done with 
plastic, cast in rubber molds. 

The brittle coating cracks along the lines of 
maximum resolved tension. Stress direction is 


often an important part of the problem for, 
knowing this, simpler forms of calculation are 
often possible. While the lacquer only cracks in 
tension, compression strains may be indicated 
by applying the test load before the coating has 
dried, and then observing the cracks which resull 
on the release of load. Due to the primary creep 
in the lacquer, it is frequently possible to observe 
the crack pattern produced by tension during 
loading, then hold the part under tension for a 
few hours, allowing the coating to reach equilib- 
rium, and on relaxing the load, to observe the 
strain distribution which would result from com- 
pression. 

Very often the distribution of strain resulting 
from impact is important. In this case the lacquer 
is particularly useful, for no other method ot 
obtaining an over-all picture is available. Cracks 


in the lacquer are visible only because they are 


Fig. 4 


open by more than one-quarter the wa 
of light, even after the load causing tl 
has been removed. When the loading is 
rapid the cracks frequently cannot be 
they may be developed by suitable etch 
as invisibly tight cracks in steel may b 


by a corrodent attacking its edges, s 


with the proper solvent opens the invisil 


in the lacquer, and a dye may then be int 
This colored line is especially suitable 
tography, and is an aid in examining la 
for the usual method of locating 
requires oblique light to see the int 
reflecting surfaces, and when cracks ai 
curved their direction is difficult to foll 
Needless to say, brittle lacquers ha 
limitations. It is only possible to get qua 
results where temperature, rate of load 
sequence of loads may be controlled, 
strains are at least 0.0006 to 0.0007 in 
corresponding to 18,000 to 21,000 psi 
The practical working limits of lacquer tl 
are 0.0038 and 0.005 in., and the minimu 
ing of the cracks is of the order of four 
times this thickness, so that a “gage k 
0.012 to 0.025 in. is about the minimum 
mal use. A thinner coating may be obtai 
is difficult to control in any quantitative 
although Fig. 5 shows the stress dist 
across a spol weld with cracks 0.002 in 


Resistance wire gages are particul 
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Recorder for 148 klastic Strain Gages 
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ecurate measurements of strain dis- 
er gage lengths of more than 4g in. 
strain direction is known, and may be 
lirections radiating out from a spot 
stigated where the complete elipse of 
equired. The combination of brittle 

Bacg r the qualitative determination and 

for quantitative measurements is fre- 

seful. Temperatures up to about 400' 

used, with baked-on gages of good 

Bony stability. Creep of plastics at various 
res has been successfully measured. 

) other types of strain measurements are 
n use, and an excellent discussion of all 
known methods is described by Lipson 
nt paper before the Society for Automo- 

{ | neers” By whatever methods it be 
shed, the problem of stress analysis 
nd science of streamlining stress distribu- 
s of the most importance. It is almost 

vs possible to strengthen and lighten and 
; part by analyzing its stresses in service. 
s point is important to metallurgists, for in the 
jority of failures, the blame is visited 
‘even unto the third and fourth genera- 


{ ther than on the design engineer. 


Discovery of Local Defects 


he fourth general problem is that of purely 
efects. Good engineering calls for a factor 
sly called that of safety or ignorance! This 
lepends largely on fear fear of unknown 
ir of untested metallurgical strength, fear 
seen stress concentration, fear of hidden 
Radiography was developed to answer 
His problem, as was the magnetic particle method 
the fluorescent penetrating oil all as addi- 
Hons tensions of visual inspection. 
\ simple and primitive example will illus- 
several phases of local weakness. Suppose 
rker is making oars of ash. He would 
ber with a straight grain and free from 
| would shape the blade at such an angle 
the minimum of cross grain. Because 
all these factors he can make all his 
lly dependable. If he could see only 
e surface of his wood, his oars must all 
if they are not to show great variation 
strength in other words, he would 
If he had 


might make 


h higher factor of ignorance. 
production machine, he 
to a design suitable for straight grain 
ts and, by inspection, reject those 

through production with defects in 


bles 


fern metal manufacturing, three 


choices are present and are combined differently 


to maintain an economic balance: 
1. Design for flawless raw material and 
introduce no flaws in the process. This solution 


demands extremely rigorous control which ts 


frequently more expensive than either of the 
following. 

2. Design with a sufficient factor of satety 
to care for all reasonable defects. This method 
is the one commonly used but wastes metal. 

3. Design as in choice No. 1, but supply an 
inspection system to catch the occasional defect 
in raw material or processing. This choice is 
rapidly becoming the most economical by virtue 
of the present status of non-destructive testing 


and inspection. 





Stresscoat Pattern at a 
Vagnified 5 Times 


Fig. 5 


Spot Weld 


No manufacturer wishes to burden himself 
with 100° inspection, but nevertheless such a 
system has been in use for the past six years in 
the aircraft engine field where every heavily 
loaded steel part is inspected by the magnetic 
particle or Magnaflux method® and non-magnetic 
parts are X-ray inspected in enormous quantities 

A still newer inspection system applicable to 
metals, plastics and ceramics is now coming 1 | 
idly into use. This is the fluorescent penetrating 


oil method. found, 


Surtace cracks only can be 
but in very many cases these surface cracks are 
Full-seale, 100 


system is in use on one manufacturer's airplane 


dangerous. application of this 
engine cylinder heads, and many laboratory test 
units are proving successful Apart from ques 
tions of strength, this inspection is successful in 
showing flaws in tungsten wire and rod used in 
where air leakage 


the vacuum-tube industry, 


through the metal Continued on page 750 
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War Products 


Consultation 


(Courtesy Youngstown Sheer 


Heating of Heavy Forging Billets 


The Problem 
Posed by a Shipyard 


W*" ARE MAKING many heavy forgings from 

plain carbon steel (0.40% carbon) starting 
with billets about 25 in. square. It is our desire 
to cut heating time to a minimum, but still not 
jeopardize the quality of the resultant forgings 
by the possible presence of hidden cracks or 
internal bursitis. 


Recommendations 


From a Midwestern Forge Plant 


The problem is one of avoiding gross internal 
ruptures due to stresses caused by high tempera- 
ture gradients from center to outside, rather than 
“flakes” or “hidden thermal ruptures” which are 
formed when the steel (which has absorbed 
hydrogen from some source) cools through a 
that is, before it is nearly 


. 


range around 300° I 
cold. Our heating practice has been pointed 
toward the use of ample time in bringing steel 
up to a temperature of 1800 or 1900° F. and 
accelerating the rate of heating only after such 
a temperature has been gained uniformly. In a 


batch type of furnace we would charge bl 
when the furnace is low in temperature and 
sume 6 or 8 hr. in heating and soaking. 


From a Maker of Fine Steels 


Internal cracks or “bursts” are, in our 
ion, due most frequently to poor steel mel 
practice, rather than subsequent process 
Some forging defects may originate in the s! 
of the bottom die whether a plain anvil 
Vee-shaped die. 

To expedite heating we would maintal 
pit, holding several billets, at about 1300° | 
then transfer the steel to a hot pit for final ! 
ing. (In a hearth furnace the billets shou! 
turned bottom side up at least once.) We 
expect to heat a 25-in., 10,000-lb. ingot 
F. to forging heat in 9 hr. 

Square billets are more difficult to ! 
forge than round, octagonal or fluted 
and should be avoided unless the forgings * 
actually requires it. 


From a Manufacturer of Die Blocts 


While most of our work is on 
have never gone cold, sometimes cold bi 
be handled. We then place them in f! 
forge furnace door for a day. The ful 
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; dropped to about 1000 to 1200° F. and 
wr billet which has acquired 300 to 
nperature — is then placed in the fur- 
nace, Which is held for 2 or 3 hr. without firing. 
The furnace is then lit and heated very slowly 
1 hours to permit the billet to absorb 
ible heat before turning on the full blast 
Our furnaces are rather large 
der to fill the furnace we would charge 
Such a furnace would 
consume more time in bringing the 













peratul 
the ing 
400° of 


for sev 
conside 
of the 
and in 
three or four 25-in. billets. 


irners. 


naturally 
billets or ingots up to forging oo but 


1 hr. more. We would then fire the furnace as 
rapidly as possible to forging temperature. 


From a Furnace Manufacturer 


Most forge furnaces have roofs that are too 
low that is, the volume of the furnace is so 
small that heat cannot be generated in it at a rate 
the steel can safely absorb. In other words, time 
can be saved in the heating cycle by increasing 
the volume of the combustion chamber. The steel 
can absorb the heat, as proved by experiments 




















a single billet, we could have a 2: > ‘ . — . P 
an 9 ped 12h ft , e a 25-in. billet reported to the American Gas Association in 1942 
vady in o 12 hr. after charging. , , ., 
on. ging and summarized in the graphs. They show that 
' : heating rates (to a constant furnace temperature ) 
From a Maker of 
Heavy Industrial Machinery — 2400 
J y LG Contro/ TOMOTHNE = 
IF Tt Be oe 
Our practice would be to 6° Square gF PP aera aa 
e ls 2000 4 4 ' MANN o-ee + + 
harge several of these 25-in. a ir a oa 
lets on a car-type preheating _wA Surface Temperature 
furnace Whose temperature is not \ 1600 Center - 
ver 300° F. We would heat 95 
wly and uniformly to approxi- 5S 
. > wy 
itely 1200° F., taking about 12  $ 7200 
Billets would then be trans- 8 
rred toa forging furnace whose § 800 
mperature is between 1200 and 
00° F., and brought up to 2150 A 
9950 c % 
2250° F. in about 8 hr.; they 400 ~ S 
' > tee S) 
uld then be ready for forging. t ¥ 
In extremely cold weather ol 7 re 
would first load the billets QO 20 40 60 80 100 120 /40 160 180 


a tank of cold water, tem- 


ting perature 45°, then turn exhaust 
sing steam into the tank until the 
hi iter is heated nearly to boiling. From Both Sides 


From a Gun Plant 

\ssuming that the billets are at least 60° F., 
reheat to 200 to 300° F. by laying in front of a 
hot forge furnace for 24 hr. (roll billet over when 
B12 hr. has elapsed), charge in furnace at 700 to 
0” F. hold at 700 to 900° F. for 2 to 4 hr., heat 
100° F. at 75 to 100° per hr., hold at 1500 to 
000" F. for 5 hr., then heat to forge temperature 
2225 to 2300° F. at 100° per hr., hold at forge 
8 to 16 hr., depending on the 

nd type of forging to be done. 


emperature for 


from a Naval Ordnance Plant 
\ ould allow the forge furnace to cool to 
20) 00° F., charge the billets and leave the 
rs 1 without any flame for about 2 hr., 


the doors and allow to soak for about 
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Time, Minutes 


Time-Temperature Curves for Surface and Center of Round 
Billets, Charged in a Hot 7 x 11-Ft. Forge Furnace, Gas Fired 


{bove the Charge. Billets rested on solid hearth 


are unexpectedly high, and that temperature dif- 
ferentials, surface to center, are unexpectedly low. 
The rate at which steel can absorb heat can be 
computed from these curves and turns out to be 
in the neighborhood of 100,000 B.t.u. per sq.ft. 
per hr. if any, industrial furnaces can 
produce heat at this rate. 


Very few, 


Summary 
While all the differ in 
they are 
slow heat 


recommendations 
reasonably consistent in calling 
input in the 


details, 
for a 
temperature range, 
below 1200° F. 


sub-critical 


especially at temperatures 


This information has been of considerable 
value to the shipyard in the development of its 
present forging practice. =] 
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By Walter G. Patt, 


Experimental Laborator, 
Climax Volybdenum ¢ of V 


One approach to this | 


Mechanical Properties prstoser eri ese 
Of course, it is not argued th: 
the tensile test is the » ) 
story; hardenability, 
resistance, high and low 
perature properties, mact 


of NE, S.A.E. and ability and. general ser 


considered in any proble: 
substitution. However, t 
properties are the first « 
eration of both the metallurg 


Other Hardened Steels 1% ses mess 


properties, the metallurgist 
take the next indicated ste 
compare the hardenabilit 
the steels. The third step 
course, to make test parts 
re watch the results in s 
| HE National Emergency steels are now in Finally the steel is put into production 
their second year. Hundreds, even thousands, of One of the present difficulties is tha 
heats of low alloy steel whose composition falls first step the accumulation of tensile tests 
within NE specification limits have already been their study — takes too long. If it can be s! 
produced. On three occasions, the compositions that all fully hardened steels tempe! 
of these “lean alloy” types have been modified strengths less than 200,000 psi. are close 
to accommodate critical alloy shortages, or meet parable, the introduction of a new ste¢ 
current problems associated with the supply of forward promptly. If tensile properties fall 
scrap. There can be no guarantee that additional predictable statistical limits, it will ne g 
changes will not be necessary in the future. necessary to plot and average data f! 

It is therefore a timely question to ask: “Is heats in order to satisfy an engineer t! 
there anything we can learn from past experience steel will develop the same tensile test 
with NE steels which will help to simplify the ships as the old. Moreover, if a similal 
changes future conditions may dictate?” And: tensile properties of fully hardened st 
“Is there adequate support for the proposition established, designers and specificati 
that steel producer, consumer’s metallurgist, the who have long been taught that each 


specification writer, and the designer —as well alloy steels has unique and quite infle 


as the purchasing department can all feel on erties, may be willing to take a mot 
safe ground in accepting these new analyses?” viewpoint, either toward the present! 
These questions about NE steels are fre- other low alloy steels yet to be formu! 
quently asked: It is undoubtedly true that the 
1. What is the probable range of tensile can be expedited if simple changes in 
properties of individual NE steels? istry of alloy steels can be accepted qu 
2. How does this range compare with the than resisted until large amounts 
range for S.A.E. steels? become available. Considerable burd 
3. What is likely to be the range of proper- taken off both steel producers and pb 
ties of any new NE steels which may be promul- if critical alloy shortages and scrap p! 
gated on the assumption that steels of equivalent be eased from time to time without 
hardenability are interchangeable for many appli- understandings between metallurgis 
cations? ment inspectors, and specification w! 
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The 


method used to correlate the tensile 





relation of Tensile Tests 





























mM properties of 409 tests of 180 heats of steel was a 
) SI {a large number of tests of the new familiar one. Essentially, it consisted of plotting 
M E an older S.A.E. steels demonstrates con- tensile strength against yield point (as measured 
si\ it the new steels have, on a basis of by the drop of beam), elongation, reduction of 
sil up to 200,000 psi., behaved no differ- area, Brinell hardness, and Izod impact. Colored 
prob. thy the S.A.E. steels. When fully hard- pins with special markings were used to dis- 
data ed. NE. steels offer the same combinations of tinguish the several types of steel. 
| tha rength and ductility at the same hardnesses as The table lists the steels examined and the 
Di e steels they are replacing. Variation from heat number of heats and tests plotted. More than 
we » heat the new steels is no greater than for half were uninoculated NE steels. An additional 
Ke e SAE. steels. The frequency with which the 50 tests of inoculated steels (treated with special 
ch ily heat treated NE steels fall within a narrow, addition agents) are included in the photographs, 
rN ell-defined property range is comparable for but their significance will be left to those in a 
\.E. and NE steels. better position to appraise their meaning. The 
n In short, the fully hardened and tempered remaining 140 tests were made on S.A.E, steels, 
iE steels are not distinguishable from S.A.E. supplemented by a few analyses close to standard 
‘ els, as far as tensile properties are concerned, S.A.E. ranges. These steels embrace practically 
Ing hen the steels are fully heat treated to strengths all the heat treating grades available to industry 
Is! ss than 200,000 psi. (At strengths above 200,000 today, as well as a few compositions not cur- 
si. the relative positions are not yet clear but the rently obtainable regardless of priority rating. 
resent confusion may be due not so much to In the beginning, all data were restricted to 
iferences between steels as to difficulties in test- tests made in the laboratories of Buick Motor 
\ 1g hard metal, and our present inability to con- Division of General Motors, Electro Metallurgical 
fol. at will, residual stresses in the test piece. ) Corp., Republic Steel Corp., and United States 
lhe evidence sustaining these conclusions is Steel Corp. Data were further limited to steels 
Summarized visually in Fig. 1 to 5, one of which treated in slightly larger than tensile bar size 
i eproduced at large size for clarity in reading, 0.525 in.). Tests on steel treated as 0.525-in. 
: thers being reduced somewhat yet still large bars account for half the data used. 
Bnough to support the argument that follows. Once the scatter pattern was established for 
Differences in the respective types of S.A.E. steels treated in 0.525-in. size, similar data were 
| NE steels will undoubtedly be discernible in plotted for steels treated in 1-in. section. These 
il service, but it is impossible to predict data originated principally with the same four 
bom the usual laboratory tests what these differ- sources but there were a few additional con- 
es will be, regardless of the amount of testing tributors. The plots were found to coincide as to 
hat is carried out. This fact is often overlooked shape, frequency and range with the results for 





truth 


not generally recognized. steels treated in 0.525-in. section so the informa- 





Summary of Tests Plotted in Fig. 1 to 5 































NE STEELS S.A.E. AND ALLIED STEELS INOCULATED STEELS 
HEATS ALLOY HEATS TESTS ALLOY HEATS 
: 1045 1 2 1040-45 q 14 
S240 3 S 1340* 18 40 1340 14 19 
Sd0U Ss 21 2345 2 2 1042 I 2 
ot42 10) 24 3150 2 2 $120 l ] 
ote/ { 9 3250 2 2 5045 1 | 
S04 if 4 10 3440 2 2 8339 I 2 
wie 10 37 4000 10 26 8442 4 9 
109 y 30 4130 § 5 8630 1 1 
S44 4 12 4140 7 10 5040 I I 
8449 5 17 4300 3 3 - - - 
R040 *s = lotal 33 50 
| 8 21 4640-50 5 11 ’ 
4 1 6 5040-50 2 2 
44 1 7 5140-50 4 { Grand 
39 219 6150 i) 12 total 180 109 
N.A.X. 3 17 
Total 75 140 * Also containing molybdenum 
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kig. 1 Tensile Strength Vs. Reduction of Area for 0.30 to 0.50%; fully hardened and drawn to the | 
180 Heats of Low Alloy Steel Conforming to Most cated tensile strengths. No steel has ductility sup 
of the Common Specifications. Carbon contents: to others at strengths between 110,000 and 200.00) 


tion was consolidated on the basis that steels limitation of the data: When steel fails to ha 
containing 0.30% carbon and upward, except in fully on quenching, it will not respond to ter 
the case of very low alloy content, may be con- ing in the same manner as fully hardened s 
sidered on an equal basis when treated in sec- then neither the usual tempering charts nor 
tions up to Lin. At least, it can be said that any physical property charts presented here a 
evidence of failure to harden throughout the sec- It is important to keep this restriction in n 
tion is not apparent from tensile data. It was suggested earlier that the data ai 

This method of handling the data was bene- conclusive at tensile strengths above 200,000 ps 
ficial in several ways: First, the variations due the ability of the metallurgist to measure pr 
to differences in laboratory technique were mini- ties in this range leaves much to be des 
mized; second, all steels could be regarded as While one can measure tensile strength 
fully hardened; and third, a more representative Brinell and higher with confidence, the deter 
number of steels could be included. 

big. 2, below — Izod Tests Scatter More in Ab- 


Limitations solute Value at Low Strengths Than at High 





The accompanying 
charts are not guides to 
heat treatment; the tem- 
pering temperature 
required to produce a 
certain tensile strength is 


/z00 /inpatct, Ft-lLb 


not shown for any steel. 
Like a mortality table, 
the figures apply to low 





alloy steels as a group, 
and not to individual 
heats of steel. More spe- 
cifically, the accompany- 
ing charts describe the 


SAE. 2. 5135 
S4cdea ess sae, | 





range in which the prop- 


flongation, Per Cent 


erties of a given heat are 
likely to occur when the 





steel has been fully hard- 

. : 200 220 

ened and drawn to a given Tensile Strength, 1000 Psi 

tensile strength. Fig. 3, above — Elongation of Heat Treated Steel, Whe 
It is necessary to de- {gainst Tensile Strength, Falls Within a Narrow Band. 

scribe a rather practical Little to Choose Between Various Alloy Steels in This 
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| point, elongation, reduction of area 
nd I: npact is subject to errors in testing 
at di bulk nearly so large when tests are 
on softer material. The situation is 
uplicated by the fact that a difference, 
e, of 10 ft-lb. Izod on 60 ft-lb. material 
vy, 150,000 psi. tensile) means a varia- 
if the same steel is heat treated to 






ynducl 
irthe! 






wr exX\al 
having 
on ol 
50,000 







si. tensile an impact figure of 10 ft-lb. 






Fig. 4, below — Tensile Strength is Less Than 
500 (About 480) Times the Brinell Hard- 
ness in All Thorough- Hardened Steels 
Tempered in the Range 250 to 450 Brinell 

















This observation applies both to S.A.E, and NE 
steels. Similarly, for every test category, the 
spread in test results from heat to heat of the 
same steel is about the same as from alloy to alloy. 

It is possible to make two basic assumptions 
in interpreting such results. One can assume, 
for example, that the fully hardened steels are 
actually identical and the fluctuations in proper- 
ties are due to variations in testing. (Incidentally, 
there is practical evidence to sustain such an 
assumption. ) 

On the other hand, if we insist that the test 
results truly reflect the properties of the steels, 
we must reason that the 
normal variations in the 
















tensile properties of the 
NE steels are no greater 


or no less than for 















3 . Normal 
29 » Expectancy 


















S.A.E. steels. 

Whatever interpreta- 
tion of these data is 
acceptable, these conclu- 
sions seem inescapable: 

1. As reflected by 
tensile tests of fully hard- 
ened steels, the apparent 
properties of low alloy 
steels are subject to some 
fluctuation, regardless of 
composition. 








2. The amount of 














such fluctuation for the 
several steels is reason- 
ably uniform. The varia- 
tions from heat to heat 





180 200 





Fig. 5, above 
Treated to 110.000 to 200.000 Psi.) 






would not be unusual, yet a change of 10 ft-lb. is 
then equivalent to a 100° 
The author does not feel qualified to pass 





variation. 





udgment on the significance of tests when steels 
ire treated above 400 Brinell. 
-00,000 psi. tensile should, therefore, be regarded 
iS tentative 





The curves beyond 






something to use until a_ better 





vard-stick is available, following the accumula- 





‘ton of data by more closely controlled tests. 












General Observations 






wn in Fig. 1 to 5, for each cluster of 
nS | senting steels treated up to 200,000 psi. 






‘re are for each type just about as 
ts above the center of the band as 
ints below a theoretical center line. 












100 ~ - ng ‘ i 4 be co 
140 160 220 240 260 280 
Tensile Strength, 1000 Psi. 


Yield-Tensile Ratios of Medium Carbon Alloy Steels ( Heat 
fre Independent of {lloy Content 
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for any single one may 
- 10% 
depending upon the hard- 


run from +5 to 


ness of the steel and the 
type of test. (Normal 
fluctuation for impact tests made on low strength 
material is +20% or more.) 

This amount of variation may be expected of 
fully hardened steels. Even broader variations 
can be looked for if heat treatment has been 
faulty and the steel failed to harden throughout 
the section. 

From these general observations, the discus- 
sion proceeds to a consideration of specific tests. 
Reduction of area will be mentioned first, because 
many testing engineers believe that good “tough- 
ness” is associated with high ability to deform. 

Ultimate Strength Vs. Reduction of Area is 
It is apparent that below 200,000 
psi. tensile, a range of +10% includes nine-tenths 


shown in Fig. 1. 


of the test results; a range of +5% is broad 
enough to include about two-thirds of the results 
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reported for all the low alloy steels containing 
from 0.30 to 0.50° 
than 200,000 psi. 
of reduction of area tests on the same kind of 
steels heat treated to high tensile strength are 


likely to vary over a greater range than almost 


carbon and heat treated to less 


ultimate. However, the results 


any other standard test, and any conclusions that 
may be drawn would be strictly tentative. 

1. The normal reduction of area line follows 
the same general contour as the elongation 
curve (Fig. 3), except that the slope is less and 
there is no marked evidence of curvature in the 
band of plotted results below 200,000 psi. tensile. 

2. Below 200,000 psi. 


bination appears to have a consistent 


tensile, no alloy com- 
advantage 
over any other type of alloy steel. 

3. At tensile strengths above 200,000 psi. scat- 
tered results tend to vitiate any conclusions. 

Tensile Strength Vs. Elongation 
(See Fig. 3, page 728) 

1. From 110,000 to 200,000 psi. 

normal relationship of elongation to tensile 


tensile, the 


strength can be repre- 


t. Yield values fan out to a co 
extent above 200,000 psi., 
scatter at high tensile strength. Who 


reaching a 


explanation of this condition fay 
unfavorable stress conditions, difficulty 
accurate yield point determinations, pos 
sequences of retained austenite in the st 
variations are seldom greater than +10 

>». For an unexplained 
210,000 and 260,000 psi. 
yield points plotted fall below the ave 
which fits all other data. 

6. Up to 200,000 psi. no single alloy 


reason 


tensile, the ma 


tion gives values that are consistently aboy 
below normal expectancy. 

When all these factors and conditions 
considered, the hazards may well be imagined 
attempting to judge from a single test, or ew 
few tests, the yield-tensile characteristics 
S.A.E. or NE steel which is to be used at 50) 
600 Brinell (250,000 psi. and upward 
the evidence at hand, it seems possible that w 


Based 
aiSeU 





sented by a smooth curve. 
Beyond 220,000 and up to 
290,000 psi., 
in elongation appears to 
be comparatively small. 

2. At all tensile 
strengths, elongation fig- 
ures vary over a range 
of +10% or more. At 
tensile strengths up to 
200,000 psi. about 80% 


the decrease 


Reauction of Arée, % 
Ss 8 s 
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51/40 
6750 
C-Mo 





S 


of the results for all steels 
fall within this +10° 
range. 

3. At than 
200,000 psi. no alloy com- 


consist- 


120 


less Fig. 6 
bination gives 
ently higher elongation 
than any other; the vari- 
ations in results reported for any one alloy steel 
were as great as the range for all the steels tested. 
Ultimate Strength Vs. Yield Point 
(See Fig. 5, page 729) 

1. Up to 200,000 psi. the relationship of yield 
strength to tensile strength may be approximated 
by a straight line. Two out of three heats fall 
within a range +5. 

2. There is no apparent difference in the fre- 
quency with which S.A.E. and NE steels approach 
a normal line at the center of the band. 

3. Above 200,000 psi., the normal expectancy 
or average line falls off 
decrease in the vield-tensile ratio for the harder 


in slope, indicating a 


steels. 
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160 180 200 220 240 260 


Tensile Strength, i000 Psi 


Check Chart Showing Relation Between Tensile Strength and Reduct 
of Area of Older Standard Steels (Average Results Published in Producer's Cat 
logues) and the Normal Expectancy and 
Fig. 1 for Original Tests. 


5% and —10% Lines Determined 


Shaded area is range given in S.A.E. Handb 


deoxidation or stress conditions are favoral 
practically any of these steels could, under s 


test conditions, give a high yield-tensile rat 


high hardness and tensile strength. The conv 
Whatever the role o! 
factors are involved in measurt- 


would also be true. 
position, other 
yield point at high hardness which may exer! 


strong an influence as the composition. 


Tensile Strength Vs. Brinell Hardn: 
(See Fig. 4, page 729) 

1. As in the case of yield point, the 
ship of hardness to tensile strength is 
mately a straight line up to 200,000 ps! 
250,000 psi. the trend is best represen 


curve. 
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Flongation, % 




















Jf | e 2330 © 4150 b ig. ¢ Check Chart Show- 
: Baa eae « 2340 2 4340 ing Relation Between Tensile 
ad or ae Oe a A ee * 3140 ° 4640 Strength and Elongation in 
r Rees +10%—+—— t ; pte ; oa 2 In. _ Plots are published 
‘a SL es oT. T T ° 4140 x C-Mo data; lines are from Fig. 3 
: > + y 7 , 
o_ | representing original tests 
Sa ——— a ——- 6" | 
Normal pect a == —l—= eas 
* anny =e oa is not a satisfactory back- 
. +— + + 104% + + ° . 
' = | — | | tll | Te] ground for judging the 
4) } i ; +——+} + | Tentative above 2000004 impact properties of a 
Elongation Sle Me Oe O22 Se OE Ee particular heat of steel. 
140 160 180 200 220 240 260 280 When it is recalled that 
Tensile Strength, 1000 Psi. the plotted results are 
averages for three tests, 


9 Below 250,000 psi. tensile, the normal ratio 


‘tensile strength to Brinell hardness is less than 


the 500 to 1 ratio which is commonly used; above 
250,000 tensile, the ratio is slightly more than 500. 


ins 


f the composition of the steel. 


inv manner by 


3. Except at very high hardness, a variation 
5° will inelude four out of five Brinell read- 
s taken at any tensile strength and regardless 
for Brinell readings 


! There is a tendency 


‘fan out at high tensile strength, but this tend- 


is not as great as it is in the case of yield 


nt measurements. 
}. There is no indication that the relationship 


{ Brinell hardness to tensile strength is altered in 


alloy content. 


Tensile Strength Vs. Izod Impact 
(See Fig. 2, page 728) 
So far as this particular study is concerned, 


results of Izod tests are less numerous and 


conclusive than for any other test. Since only 
igmentary data are available in the literature 
today, it is hoped interest in obtaining such infor- 


ition may be stimulated. Conclusions which 


iv fairly be drawn are: 


|. Izod impact is the 


big. 8 — Check Chart 


Showing 


the possible range of individual impact results 
can be imagined. 

3. Based 
200,000 
thus far appears to enjoy consistent advantages 


data, at 
no alloy combination plotted 


on incomplete strengths 


below psi. 
over other types of fully hardened steel. 

4. A drop in impact when tempered in the 
blue brittle range (300 to 700° F 
by the present data. 
nomenon actually exists, 
these charts because of the method of plotting. 

5. The results in this category are not con- 
Much additional work remains to be done 


.) is not indicated 
Assuming that such a phe- 
it would not be shown in 


clusive. 
in determining the possible effects of specific alloy- 
ing elements on the impact properties of fully 


hardened steel. 
Vormal Expectancy Curves } s. Published Data 


As a check on the normal expectancy curves 
developed in this study, and shown as the median 
lines in Fig. 1 to 5, data on several S.A.E. 
taken at random from the property charts 
Jos. T. Ryerson & Son, 


steels 
were 
and tables compiled by 


Yield- Ultimate Relationship. Manufacturer's 
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property measured catalogues (and S.A.E. Handbook) give values 5% less than actually encountered 
the five standard tests . T = ie 
hiecl sno OTes Tr Vi ‘i- a | g , | T | | | | L | 
i : greate! mt 260 | Yeld Point —. ee or HighiS. AE) 
m of results at low po) RE Bees coe 1 | J i | } 1 
isile strength than at ~ +—_——+ + Location of Most— : 
gh te nsile strength. It & 220 1 | | T POMNBE.AE) ; omr- 
s bel ved thi beh: ‘ior x | | ~ 
ved this behavior 8 200 | ‘Normal Expectancy + Se ee ae 
in be attributed largely = Lowl$. A. £)—+——+—+ 
the mechanics of the —~ Tentative Above 200,000 Psi 
st, rather than to varia- & 160 i}. » 2330 ° 4150 
ns herent in the Bd t + © 2540 ° 4540 
' © 140 4 v 3140 ° 4640 
_ |. » 3240 ¢ 5/40 
2 low 200,000 psi. 120 | | © 4730 + 8150 
TSI read of +20% t ° 0 a C-M0 
1S ent to include 100 3 os ee oe A Oe ee 
two-thirds of 120 140 160 180 200 220 240 260 280 
d results. This Tensile Strength, 1000 Psi. 
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U. S. Steel Corp., International Nickel Co., Bethle- 
hem Steel Co., and Climax Molybdenum Co. 
Twelve S.A.E. steels were used and 108 points 
were plotted. The results of this comparison are 
given in Fig. 6 to 9 inclusive. 

These published elongation and reduction of 
area data at tensile strengths under 200,000 psi. 
fit the lines from Fig. 1 to 5 reasonably well. 
Beyond 200,000 psi. the published values for reduc- 
tion of area are generally lower than the new data. 

Published data for yield point parallel, but 
are consistently 5% lower, than the normal expect- 
ancy curve developed in this study. The majority 
of published impact figures are lower than the 
actual test results, but as already mentioned, the 
evidence with respect to impact strength is not 
conclusive. 

It appears that yield point and Izod values 
published by steel makers and sellers have been 
on the conservative side. A mistaken tendency of 
some users to employ published data as a basis for 
preparing minimum specifications may account 
for some of the difference between published and 
reasonably expected values. 

As a further check, the property charts in the 
Society for Automotive Engineers’ Handbook have 
been placed on these same charts in cross-hatched 
areas. The S.A.E. charts are also based on various 
published data rather than on original test results. 


Discussion of Results 


Work of Janitzky and Others 

The contention that fully hardened, low alloy 
steels give strikingly similar combinations of 
mechanical properties after they are drawn to a 


given tensile strength is not new. Janitzky 


Fig. 9 


Comparison of Normally Expected Relation Between 
Hardness and Tensile Strength of Quenched and Tempered Test 
Pieces, and Range as Given in S.A... Handbook (Shaded Area) 


observed this similarity a number of years a, 
his discussion of the subject will be found op | 
215 of @ Metals Handbook, 1939 edition. Ja nity) 
work failed to receive the attention it undoubs, 
deserved, possibly for some of the following , 


sons: 


heats of steel; (b) the curves for all steels fa}, 


a) The data are based on a relatively | 


nicely in line they do not, at first glance: apy 
to coincide with normal commercial experie; 
(c) like the present study, the record in 
clusive above 400 Brinell; (d) Janitzky’s re 
deals with steels which are currently unde: str 
priority restrictions. 

Further support of the contention is foy 
in the circumstance that S.A.E. has abandoned 
former practice of including tensile charts in 
Handbook, on the ground that such charts 
needless, if not actually misleading. The edi 
of the @ Metals Handbook has taken sim 
action. 

2. Prejudice Against New Steels Understandab\ 

For a number of years, the S.A.E. steels ha 
served industry most acceptably. In fact, tl 
performance has been so outstanding as to « 
on these steels, in the minds of many, the dist 
tion of being the only alloy combinations 
could possibly give such high properties in 
by-day use. 

Perhaps this is a good time to emphasiz 
the S.A.E. steels originated as an effort to st 
ardize alloys rather than a move to create “s 
steels”. There was no disposition by the 5.4 
committee of that day there would be even 
inclination today — to ascribe to these parti 
alloy combinations vastly superior talent for « 
bining hardness and toughness in fully hara 

steel. The alloy con! 
was prescribed then 
now, primarily to 
duce hardenability. 


The reputation 
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In considering the possibility of developing 
s with superior combinations of tensile prop- 


lies, it may be well to remember that the NE 


s are, after all, 97.3% 


illoy consists, essentially, of “impurities” in 


iron; the remainder of 


rm of alloying elements. The function of 
in such steels is to influence phase changes. 
the steels in the present study are believed to 
ully hardened and the important function of 
illoys was satisfied when the steel was 
nched. That is to say, the steels were fully 
lened insofar as this fact is revealed by hard- 


‘sand tensile testing. 


\ll the steels were subsequently tempered. 
nicrostructure in all cases would therefore 
pered martensite. 

When it is suggested that all fully hardened 

s—%S.A.E., NE, and 


would be remarkable if the steels did not have 
Above 200,000 psi. tensile, 
another important factor 


similar properties! 
stress enters, and 
may even dominate the picture. This chapter of 


the book of metallurgy has not yet been written. 


Looking Forward 


It seems clear that, with respect to fully hard- 
ened steels, tensile testing has just about reached 
the limit of its ability to teach us useful things 
about the properties of low alloy steels softer than 
400 Brinell. Regrettably, above 400 Brinell, such 
tests are not accurate enough to teach us many 
of the things we need so much to know. 

The graphs (Fig. 6 to 10) are intended to serve 
as a check-chart. Individual tensile tests of NE 
steels treated to less than 400 Brinell may be com- 
pared with the bands shown here until it has been 
concluded that the results are sound. Later on, it 
may be possible to eliminate some tensile tests, 
substituting for them a carefully made hardness 
determination (or determinations) and estimating 
other tensile properties from these charts. Some 
use of the data for steels harder than 400 Brinell 
may be found, always keeping in mind the limita- 
tions of tests conducted at high strength. 

If unnecessary tensile tests could be elimi- 
nated, it would greatly speed the adoption of new 
alloy steels that are forced on industry by war 
conditions. Also, this would release much needed 
metallurgical talent for other important work. 
Many metallurgical departments could certainly 
spend, at a profit to all concerned, more effort on 
problems like machinability, stress distribution, 
surface finish and engineering design, and less 
effort pulling tensile bars, especially since the 
information finally obtained can be estimated 
accurately, once there is assurance the steel was 
fully hardened on quenching. No doubt, specifica- 
tions will continue to insist on many unnecessary 
tensile tests, but it is pleasant to reflect that the 
future may make it possible to direct much of 
this effort into more productive channels rs] 
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Critical Points 


By the Editor 


a” ABERDEEN Proving Ground with a group of 
Eddy, 


director of the proving center, exhibited the 


technical editors, where Colonel 
performance of the full range of American 
guns, motorized equipment, anti-tank and anti- 
aircraft artillery —in many instances par- 
alleled by exhibitions of captured enemy 
materiel. Only generalities can be reported, but 
the most general would be a solid pride in the 
quality and performance of American equip- 
ment—a feeling shared by both American 

and British troops, as we were 
American assured by General Barnes, Chief 


ordnance of the Technical Division, Army 


tested in Ordnance, just returned from the 


Africa Libyan and Tunisian fronts. 

Reminding us that this unfailing 
performance could only be achieved by rigid 
adherence to inspection standards that might, 
at times, seem needlessly high, he said that 
troops use our equipment with the greatest 
enthusiasm, and that this utmost confidence 
in their weapons is of paramount value to 
morale.....Recent improvement in all this 
materiel is exemplified in three successive 
embodiments of the 0.30-caliber rifle, and is 
instantly apparent when you handle and fire 
the guns yourself. The Springfield rifle of 1914 
was a good rifle — still is— but the Garand 
hits a harder blow and is almost the equivalent 
of an old machine gun, whereas the new 0.30- 
carbine increases the fire power still further, 
is simpler to manufacture and weighs little 


To th 


tarized observer it is the answ 


more than a target rifle. 


sweating infantryman’s prayer. 
man and Italian equipment is well m 
and very serviceable — which is 
than can be said for Japanese arms, why 
limitations are largely responsible for 
extraordinarily high ratio of dead Jay 
dead whites in Guadalcanal and \, 
Guinea... .General BARNEs reported | 
ing but praise from MONTGOMERY’s a 
for the American jeep, the light tank, | 
M-3 medium tank that stopped Rom 
just short of Alexandria, and the M-1| 
that routed him at El Alamein. | 
what The Eprror has been able to se 
to read in the papers, however, it wi 
seem that, in the eternal battle of ¢ 
against armor, the guns appear to be ¢ 
ting the upper hand of the land bal 
ships. After all, a tank is merely a hig 
mobile gun platform, armored to give n 
mum protection to the crew and mechanis 
Yet there is a practical limit to the weight 
armor that can be moved over soft ground 
ordinary bridges, as is proven by the | 
heavy tank a year ago, and by the Ger 
Mark VI tanks which were to be such-a-m 
This weight of German armor (4 in.) ca 
defeated by our high vel 
105-mm. guns, 


Mobile gun 3-in. and 


vs. the tank these guns with their imnm 
hitting power and long 
are readily mounted and served on a 
moving tank chasis if the latter is not burd 
by more than enough armor to withstand s 
fragments and machine gun fire. (Likews 
high explosive shells from these guns ar 
ribly effective against infantry, even 
trenches, destroVing life by blast and s 
fragments within 30 yd. of an overhead bur 
While tanks, of the best, will 
carry the battle to the enemy, it would 0 
surprising to find the battle of Europe 


undoul 


by far greater numbers of heavy guns mot 
on motor carriages, constantly mov 
support the invading infantry. 


rrENDED, during the February mee 
£\ Mining Engineers in New York, 
of a pre-depression Three-Hours-! 
Club, and so arrived too late to get 
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of boron as an alloying element in 














den ISCUSS 
® te tee]. Suateches heard from standing room out 
Ce » the |, plus a report from one of Metal 
mag rogress spies, minus deletions by censorship, 
= ives result: The mystifying vapors that 
s. whelmecently have surrounded “intensifiers” are 
7 vaporaling, and boron appears as another 
| Japs barden very powerful, but having the 
nd XN, haracteristic effects of other alloying elements 
ed nome the S-curve - and operates on most types 
Tae f steel except perhaps on the high carbon 
oy hyper-eutectoids. A small part of 
RomneiBoron—a the extra hardenability is admit- 
Mt ton ifty alloy tedly due to the grain-coarsening 
_F r steel effect of boron as the annealing 
-— or normalizing (or shall we adopt 
a he ungainly word “austenitizing” or “austeniz- 
_ ng”) temperature increases a little above the 
eal pper critical. However, the main effect due to 
1 batik he form that boron takes in the structure is 
hihi lill controversial, for there is only a few 
ie aaa housandths per cent there in fact, analysts 
aa nd spectroscopists are not too certain of the 
eigh esults. The chemists are pinning their hopes 
hed : na reagent named quinalizarine (pronounced 
e US ith a lilt like Queen Elizabeth). Owing to 
Ger bnalytical uncertainties, bold would be he who 
ilies orrelates hardenability with actual boron con- 
aaa ent, since the only reliable data are related to 
velo amount of boron added to the melt”. This 
oa hddition, as is known to all who are in contact 
= vith the leading alloy producers, can be made 
— ith any one of several trade-named materials 
“A fa if the steel maker does not want to take a 
ae hance w ith simple borax) and each producer 
aad elieves his method is best. All agree, however, 
shevis hat it is a nifty element! 
are | 
+ tat Ww BenpIxX, on Passaic’s frozen meadows, in a 
ad a huge bus crowded with aircraft workers, 
1 burs ome violently discussing the inadequacy of 
yubted heir Union's protective measures and the 
j not efairness of some Company rules, methinks 
Rect omindful that a good job well done would 
nousl tmove completely any conflict. Others com- 
- ented disdainfully that “These girls will 
ever get any mechanical sense” — wishful 
hinking, for Doe WotpMan told me later that 
“me women are producing more on auto- 
ig of | latics and earn more bonus than ever a man 
reul hid. NORMAN WoLtpMan, chief metallurgist 
r-Lu Mf Bendix’s Eclipse-Pioneer Division, makers 
sea bf everything that goes into an aircraft struc- 


for aircraft 


ture besides engine and pilot, 
commented on the undoubted 
importance of cast mag- 
nesium (present and future) 
for parts of modest duty, 
now that Dow’s new modified chromate dip 


Materials 


instruments 


has proved such a good corrosion resister, and 
now that ingot is so abundant and foundries 
so new and numerous. In all aircraft instru- 
ments and auxiliaries weight must be a mini- 
mum; other necessary properties of the 
materials (sometimes in perplexing combina- 
lions) often complicate the selection, such as 
strength, magnetism or lack thereof, low iner- 
tia, constant elastic action, wear resistance. 
....Aircraft fitments have adopted few of the 
substitutions forced on many other metallifac- 
tures, and for several reasons: The designing 
engineers bear the responsibility rather than 
the metallurgist and, not being materials 
experts, their first choice is for the “old 
reliable”. Secondly, once a part is in produc- 
tion it takes months to make it of new mate- 
rials and run life tests, and more months for 
the Air Forces to make model tests. Thirdly, 
some substitutes are harder to get than the 
older analyses, what with the aircraft indus- 
try’s high priorities on “standard” steels. 


ut to Packard, in Detroit, now building 
O. nothing but V-12 engines, one style for 
American PT boats and another style for air- 
craft (the liquid cooled Rolls Royce). Guided 
by GeorGe Broiare to the heat treat, half a mile 
away, and marveled at the disparity between 
the magnitude of the plant and the price of 
’ackard common on ‘change — undoubtedly 
an illustration of the dictate that no one should 
get rich out of this war....One orderly section 
anneals and nitrides the crankshaft. This is 
a 4-ft. long forging of “VCM” analysis — 0.35% 
C, 0.65% Ni, 1% Cr, 1% Mo — with ultimate of 
120,000 psi., elongation 16° in 
reduction of area, 269 to 293 


2 in., 55% 


Nitriding Brinell hardness. Each forging 
Rolls Royce has a 6-in. tonghold from which 
crankshafts a test bar is machined; one in 


eight is turned to 0.450 in. and 
goes through all heat treatments before testing. 
Cranks are annealed, once after rough machin- 
ing and again after semi-finish machining — to 
relieve internal stresses and promote dimen- 


sional stability. Bearings are finally ground 
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0.0005 oversize and the whole shaft except a 
nickel-plated flange nitrided under Westing- 
house covers. Nitriding cycle takes 84 hr., of 
which about 62 is at heat, during which a case 
0.020 in. deep is produced, testing 884% to 90 on 
the Rockwell 15-N superficial scale. The 
accompanying round test pieces must measure 
Vickers 400 hard after a flat 0.012 in. deep has 
been ground. A V-notch 0.130 in. deep is 
ground, and the bar tested in an Izod impact 
machine. Specified minimum energy absorp- 
tion: 55 ft-lb.....As pointed out by BrpiGare, 
one advantage of this heat treatment is mini- 
mum warpage. Shafts are pivoted on No, 2 
and No. 6 bearings and center main bearing 
must run out less than 0.005 in. 


( )' ENCHING from minimum hardening temper- 
< ature is the rule in Packard aircraft heat 
treatments, since this minimizes warpage and 
retains very little austenite in the high alloy 
parts. Even though a surprising number of 
engines are being made, Murr Frey, aircraft 
metallurgist, said that the volume of parts to 
be hardened is rather small, in terms of auto- 
motive mass production. Single purpose fur- 
naces are out of the question. Shortages in 
steels prevent any large bank of parts, and they 
have to be handled a tote-load at 

Uniform a time as they come from the 
furnace, machine lines. How adjust the 
varying continuous hardening furnaces 
quenches and the protective atmospheres 
to the needs of each analysis and 

each shape? Britt Graves, Packard’s chief 
metallurgist, and Joun Dow, Holcroft’s furnace 
engineer, found that all the parts could meet 
specifications if oil quenched from 1510° F., 
and so the furnaces are run. Considerable 
variation exists in the quenching routines, how- 
ever. Many gears are hooked out a side door 
and quenched in presses. Tray-loads of other 
parts are lowered by elevator into the oil tank 
from a gas trap at the end of the furnace. Most 
of these parts are in the oil about 15 min., but 
some, like connecting rods, are time quenched 
removed smoking and flashing after a short 
but measured time — in order to avoid crack- 


ing and excessive warpage. 


) VEN MORE surprising is the ability to harden 
4 all these steels from a single protective 


atmosphere. Periodically small rings and bars, 


cut from the principal analyses going ir (o the 
aircraft engines (carburized or not, as ‘he ca 
may be) are put through on a regular try 
Test for surface decarburization is mad, 
noting the difference in Rockwell superf 
hardness (15-N scale) of the hardened surf, 
and after 0.001 in. is ground off. This diff, 
ence must not be greater than 1 on cas 
hardened parts. Similar tests for carbhuri, 
action are made on 0.15% carbon pieces rep; 
senting the core. The 15-N hardness valy 
these must not be more than +2 its orig 
value. The atmosphere that does the trick 
made by mixing 9 volumes 
A neutral “semi-cracked gas” with 


atmosphere volumes of “charcoal! 


for hardening from a Holcroft converter, | 


exact proportions and the d 
point (moisture content) being adjusted if | 
test rings indicate unwanted surface change: 
The semi-cracked gas is made by partial ¢ 
bustion of natural gas; a portion of the gas 
passed through pots of incandescent char 
and emerges as “charcoal gas”.....Packa 
built Rolls Royce engine parts coming from 
quench look like weathered bronze. Ther 
no “scale” that can be scratched off, the d 
coloration is strictly superficial and disapp 
in shot-blasting (peening), buffing, lapping 
other final finishing. 


‘epee certain technical aspects of 
4 World Revolution, in brief talks to vat 
@ Chapters, and prophesied that the sy 
of ores and other raw materials would h 
commanding influence in tomorrow's m 
economy. The enormous drain on the L 
Superior open pits means an early exhaus! 
of that already over-wol! 
Future bonanza of iron ore; this will bring 
metal in its wake profound dislocal 
balance and modifications of th 
industry, and an inevitabl 
true cost of steel. On the other han 
veritably inexhaustible supply of s« 
magnesium presages its future importe 
to the other metals like manganese, ch 
copper and zinc, if America is wise 
import vast quantities of them, not on 
something in return from lend-leas« 
conserve our own expensive supplies 
a future emergency — but how often h 


ica been wise in such matters as forels 
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Fatigue Failures 
in Common 


Machine Parts 


Is \N ARTICLE in the February issue of this 
igazine the general problem of fatigue failure 
is discussed, and it was pointed out that in the 

great majority of cases failure starts at a surface 
hers high tension stresses are localized. It was 

lemonstrated that if such a surface were pre- 
stressed in compression the liability to such 
ligue failure would be correspondingly lessened, 
fact which is utilized in practice by peening the 
rlace. Methods of doing this, and of estimat- 


/ 


¢ the resulting compressive stresses, were also 


{ lined 
Bolt Failures 


The fatigue vulnerability of bolts and studs 
is been discussed in many papers (listed in the 
cellent book by the Battelle staff on “Prevention 
{ the Failure of Metals 
nder Repeated Stress”) 
id the 


improvements 


sulting from reducing the 
imeter of the bolt body 


nd from pressure rolling 
' the threads have been 
‘dequately recorded. Insuf- 


lent (tention, however, 





has be given to fatigue 
inerability due to insuffi- 
ent | tightness. (a) 





By J. O. Almen 


Research Laboratories Division 
General Motors Corp. 


A bolt or stud should be 
tightened to a load exceeding 
working load. 
tightened 


the maximum 
When properly 
against rigid members, a bolt 
or stud cannot fatigue because 
there can be no change in 
stress; the bolt load is static 
even though the load applied to 
the bolted member oscillates at 
high frequency from zero to a 
maximum. This rule must, 
however, be applied with cau- 
tion because all bolted members 
are elastic in some degree and 
the design of the bolted mem- 
bers may be such that the 
applied load is greater than can 
possibly be supported by the 
fastenings. An exaggerated case 
of this kind is shown in Fig. 
1 (a) in which the connecting 
rod bolts are excessively stressed in tension and 
in bending because the distance L from the bolt 
to the point C is small and, since the bolted parts 
tend to bend about the point C as a fulerum, the 
tension and bending loads in the bolts are great. 
An improved design is shown in Fig. 1 (6), in 
which the fulcrum point C’ is further removed 
from the bolt and, therefore, the tension and 
bending loads are reduced. This is a case in which 
fatigue failure of one member is due to faulty 
design of another. We must remember that, like 
an aching tooth, the one that seems to hurt is 
not necessarily the one that should be pulled. 

If the bolt in Fig. 1 (6) should fail by fatigue 
it could still not be charged to insufficient 
strength because, as stated above, if the initial 
bolt tension is less than the maximum external 
load the stress range under repeated loads is 
increased. Let us suppose 
that the bolt is tightened 
just enough to bring the 
surfaces into contact with- 
out appreciable tension. 
Under alternating stress the 
stress range would be from 


Fig. 1— Fatigue Failure of Bolt 
Due to Elastic Changes in Bolted 
Member Cured by Increasing the 
(6) Effective Length L’, to the Right 
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zero to maximum and fatigue failure could only Therefore, washers, lock washers, gaskets 
be avoided by greatly increasing the bolt strength. other units that add to the elasticity of the boy 
As the initial bolt tension is increased the stress assembly are definite fatigue hazards and sh 
range is decreased until it approaches zero when be avoided whenever possible. 
the initial bolt tension is equal to or greater than The initial tension applied by the nut is q 
the maximum working load. This would illus- cult to determine unless the elongation oj 
trate a case in which a failure is not the fault of bolt or stud can be measured. Measurement 
either bolt strength or design but is chargeable the torque applied by the wrench gives very y 
to bad assembly. liable information because of the variability 
The vulnerability to fatigue as a function of friction. Thus, Fig. 3 records tension meas 
bolt tightness is shown in ments plotted against wr 
Fig. 2. In the tests plot- Or; torque in ft-lb. fo 
bolts having 24 threads 
a in. It will be seen that 
bolt tension varied 





ted all bolts were sub- 





1°») 





jected to a cyclic tension 
load of 9210 Ib. but were 
tightened to initial ten- 
sions of 1420, 5920, 7220 
and 8420 Ib. Fifteen bolts 
were tested at each of the 


D 


as ten to one (1000 
constant wrench torg 
depending upon the lubri: 


N 


used; that is to say, a 


three lower loads in order 








ft-lb. torque puts a_ 20)- 





Initial Bolt Tension in 1000 Lb 
rN 


2 “ 


2) 


to establish the scatter 8 tension on a degreased | 
band for this kind 
specimen. Only two Fig. 2—Effect of Tightness (Setting-Up Ten- same bolt covered with | 


bolts were tested in which — sion) on Life of Bolt in Alternating Tension oil. The mechanical effici 


of Lite in 100,000 Cycles and a 2000-lb. tension on 


the initial tension was of this bolt varied from 
8420 Ib., one of which failed after 4,650,000 10°, as is shown in the chart. 
stress cycles and the second had not failed after Pre-loading of cyclically stressed mem) 
10,000,000. Bolts used in these tests were %s in. to reduce the stress range and thus to iner 
diameter, accurately dimensioned and finished; their fatigue durability is not restricted to b 
threads were U. S. form, 24 threads per in. and but may be applied to many machine parts. |! 
ground to close limits. example, the stress range in leaf spring eyes 
The stress range to which these bolts were be reduced by pressing a tight bushing into th: 
subjected is the difference between the initial 
tension and the maximum operating load; since Elastic Movements in Crankshafts 
it is known that the fatigue durability is increased 
as the stress range is decreased, we would expect A common cause of fatigue vulnerabilit 
results of the order that were obtained in the the belief, apparently held by many design 
chart. All failures occurred in the threads except and engineers, that our structural materials 
in a few cases in which the threads were rolled rigid. As a matter of fact, many fatigue fail 
in a manner to pre-stress the roots in compres- can be traced to elastic deflection for whic! 
sion. In these rolled-threaded bolts the fatigue 
durability of the threads was increased suffi- Fig. 3—Effect of Lubrication on Bolt Tensior 
ciently to cause failure in the shanks. When When Set-Up by a Given Torque on Wrenel 
the surfaces of the bolt shanks were also com- 30 — 
pression pre-stressed by peening, the failures 8 Nonter - 


were again transferred to the threads but, of / Dry Copper J ' 
j After 6-8 * eer: 
i Tighténings Sf Ps 


! Degreased 





course, at prolonged durability. ENg 

These tests, therefore, also show that the 
fatigue durability of cut and ground screw 
threads can be increased by rolling and indicate 


N 
Oo 


that compression pre-stressing of the surface of 


~ 
) 


pure tension members is effective in increasing 


Wrench Torque, Ft-Lb. 


their fatigue strength. 
It is therefore evident that the fatigue 
strength of bolts and studs stressed in tension is 








dependent upon the initial tension applied by the 2 3 


c 
c 


nut, plus the elasticity of the bolted members. Tension on Bolt in JOO0 Lb. 
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vas made in the design. It has already 


yllowal 

een sl n in Fig. 1 that elastic deformation of 
»yating parts may be such as to concentrate the 
oad In small region. 


Under operating conditions a crankshaft may 
» so elastically deformed in twisting and in 
ending that the bearings are only partially 
fective in supporting the load. The bearings are 
frequently found to be plastically deformed or 
rn “bell mouthed” to accommodate the elastic 
~yrations of the crankshaft! Proper attention to 
this detail is likely to increase the size of the 
shaft to a degree where its unit working stresses 
( surprisingly low. 


Elasticity in Gear Trains 


Perhaps the most generally misunderstood 
of all machine elements are the several classifica- 
tions of gears. As ordinarily designed there is 
only one thing certain about gears and that ts 
that they will not function as intended by the 
designer! When laying out a set of gears on the 
drafting board, the mating gear teeth are repre- 

ited by parallel straight lines but no matter 
how carefully the gears are cut and heat treated 
the mating teeth will never again be parallel 
except by accident — and then only through a 
small load range. 

The nature of the contact between two mat- 
ing gear teeth is influenced (a) by the elastic 
characteristics of the housing in which they are 

ntained, (6) by the elastic characteristics of 
bearings by which they are supported, (c) by the 
istic characteristics of the shafts upon which 
they are mounted, (d) by the elastic character- 
‘tics of the gears themselves, (e) by the accumu- 
iied dimensional errors in all the supporting 
parts as well as the errors in the cutting of the 


Broken Tooth and Unbroken 
Partner That Prove the Trouble Was 
Due to Concentration of Load at Left End 


hig. 5 





f) by the necessary and accidental clear- 
g) by the 


gears, 
ances in the supporting parts, and 
amount and nature of the warpage in heat treat- 
ing —- to give the metallurgist some of the respon- 
sibility. 

The result of all this is that it is virtually 
impossible that the parallelism between mating 
teeth as visioned by the designer can exist in 
practice. If it should chance that two mating 
gear teeth are parallel at some load, they cannot 


ta. 
x. 
Fig. 4— Four Teeth \Taken From a Spur Gear After 


Operation in a Commercial Gear Box; the Polished 
{reas Show That Contact Was Concentrated at One End 


be parallel at any other load because the elastic 
deflections of some of the supporting parts are 
not linear with respect to the load. As usually 
designed, the load on gear teeth is never uni- 
formly distributed over the length of the teeth 
but is always concentrated toward one end. This 
localization of the load is shown in Fig. 4, which 
is a record of the contact impressions of gear 
teeth under load in a commercial gear box. Load 
localization cannot often be seen on examining a 
gear that has been in service because each tooth 
of each gear usuaily makes contact with all of 
the teeth in the mating gear, and the summation 
of all contacts under all load conditions will 
therefore be seen by the examiner. 

The illustration Fig. 5, however, is from a 
gear that failed in service. This gear was 
“rescued” while on its way to the metallurgical 
department to find what was wrong with the 
material! Note that the failed tooth is broken at 
which, incidentally, is typical of 
almost all failed gear teeth. The adjoining 
unbroken tooth tells us that failure occurred 
because only a small part of the tooth was actu- 
ally supporting the load, in spite of the generous 
length provided by the designer. This gear would 
have been just as durable had it been designed 
with one-fifth the tooth width. Clearly this was 
a mechanical and not a metallurgical problem; 


one end 


the real trouble was inadequate support of the 
gears and other mechanical errors. 
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It may fairly be argued that this is 
an unusually severe case and that it is 
not typical of gear fatigue. But actually 
the most unusual thing about it was 
that it could be diagnosed before it was 
cut into sections and the evidence 
etched away. 

In case of fatigue failure of mating 
helical gear teeth of equal strength, 
fatigue will always occur in the tooth 
that is loaded on its acute angled end, 
because the section is weaker at this 
end. Mating helical gears should be 
offset so that contact cannot occur on 
the acute angled end by any mode of 
deflection. This is possible only where 
the torque is constant in direction, as 
pointed out by the present author in a 
paper in Automotive Industries, Sept. 
25 and Oct. 9, 1937, entitled “Factors 
Influencing the Durability of Automo- 
bile Transmission Gears”. 

All gear teeth should be designed 
to afford a degree of tolerance for 
deflections, machining errors, and 
warpage —-as has long been standard 
practice in spiral bevel, hypoid and in 
some spur and helical gears. This is 
accomplished by curving the elements 
of the tooth contour in such manner as 
to concentrate the load near the cen- 
terline of the gear width and thus 
avoid load concentration at the weaker 
extreme ends of the teeth. 

Warpage The statement made in the first 
part of this paper (page 210 of Metal Progress 
for February) that there is no practical differ- 
ence, from the standpoint of fatigue, between the 
various alloy steels must be amended when these 
steels are formed into gears, because warpage 
during heat treatment after cutting is one of the 
many processing errors that results in high fatigue 
vulnerability of gear teeth. However, the fatigue 
vulnerability due to non-uniform warpage can 
also be reduced by design, as has been described 


immediately above. 
Pitting of Gear Teeth 


Pitting of gear teeth is a form of fatigue that 
is induced by compression loads on the contacting 
tooth surfaces. The magnitude of the compres- 
sion stresses varies with relative curvature of the 
contacting teeth in accordance with the Hertz 
formula; it also varies with the degree of load 
concentration at the ends of the teeth and with 


the applied load. The load that may be carried 


varies with the irdnes 
ith the 
strength of the materi, 
with the temperature 


and with the manner 


and therefore 


which the lubricant \ 
applied. 

The design 
that are 
reducing the load concen- 
tration at the ends of th 
teeth also 


factors 
effective iy 


reduce the 
compressive stress. Thy 
relative curvature (ap 
therefore the compressiy, 
stress) can be varied by 
the choice of pressur 
angle. In general there is 
little to be gained | 
designing wide face gear 
except the doubtful satis 
faction of dealing wit! 
smaller stress numbers 

In high speed gears 
pitting may occur whe 
gears are transmitting! 
This is sometimes 


load. 


seen in the reverse idle 
wi gear of automobile trans- 


Although this 
transmissti 


missions. 

form of 

trouble is rare and occurs 

only when other cond 

tions, such as hardness 

are unfavorable, it serves to emphasize the p 
played by the lubricant in promoting fatigu 
reverse idler running submerged in oil will ! 
the oil between the gear teeth and if the ch 
ances are small will induce extremely high s 

face pressures. We are all familiar with the his 
temperatures that are generated in gear 
when too generously supplied with oil, but w 

not always interpret this as a fatigue hazard 

High speed gears should be lubricated by 

of low viscosity oil directed at the teeth as 

are coming out of mesh, not on the incomins 


tl 


side. Proper lubrication will wash away the ! 
of friction while it is still at the surface 
prevent excess oil from reaching the cont 
teeth, providing the sump is dry. 

There is evidence indicating that oil 
contributes to pitting fatigue by entering 
fissures where, under hydrostatic press 
fissures are extended until pieces are li! 
of the surfaces of the teeth. This is des« 
Stewart Way in an article on “Gear T 
ting” in Electric Journal, 1936, p. 175. 
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NICKEL AIDS THE AERONAUTICAL INDUSTRY 


to KEEP ‘Em Ftlyine/ 


the design engineers of the aeronau- 


ndustry have repeatedly met de- 

mproved aircraft to serve 

le fighting fronts. At the 

the industry has been able 

t huge quantities of highly 

recision mechanisms on a 
tion basis. 


pioneer days of the avia- 
it has made extensive use 
ontaining Nickel for en- 
lage parts. In these appli- 
idustry’s engineers have 
the fullest extent the use- 
€ properties contributed 


by Nickel to the materials commonly 
used in aircraft construction. 


The continued widespread use of 
Nickel reflects confidence based on 
innumerable satisfactory performance 
records. 


On all fronts, pilots and maintenance 
crews are learning what metallurgists 
long have known. Properly 
used, a little Nickel goes a 
long way toward assuring 
the dependable perform- 
ance of aircraft. From 
valves to drive gears, and 
from crankshafts to mani- 


folds, modern aircraft perform more de 
pendably because of the added strength 
toughness and resistance to corrosion 
Nickel imparts to other metals 

The technical staff of International 
Nickel has been privileged to cooperate 
with the aeronautical engineers who 
have accomplished so much toward the 
improvement of aircraft. These engi 
neers and metallurgists offer counsel 
and data to all who desire assistance in 
the selection, fabrication and heat treat 
ment of ferrous and non-ferrous metals. 


Nickel 


Send for lists of available publications. Address your inquiries to Technical Library Service 


THE In TERNATIONAL NICKEL COMPANY, INC., 67 wall st., New York, N.Y. 


)? 
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Brass 


Cadmium 


Chromium | 
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ZNICN)2 113 
NaCn 45.0 


% CU 
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| 27-35 | 110 
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05-50 
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NHs 12 
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| 20%Zn 


Qs 
to 
Os 





CuCN 180 
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78. 00038-+- 
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CuCN 120 
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or KOH 42 
Brightener 15 
Anti-pit agent 15 


Electrolytic 
Cu 


| 
| 
| 
| 


QO051mm 


Bright deposi 
up to this thickre 
mostly used | 
plating. High spe 
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to be casted with 0 
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Na2COs 40 
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}+—___ 
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ES 
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roy By Mildred Ferguson 
ioe at 
_— i estinghouse Research Laboratories 
ae. East Pittsburgh, Pa. 
at 
— ‘HERE APPEAR to be nearly as many methods 
VE for polishing metallographic specimens as 
. here are laboratories. Consequently a note on 
Sead nother method may be superfluous, but a par- 
ularly satisfactory procedure has been in use 
t the Westinghouse Research Laboratories for 
eral years and has been applied to a wide 
ety of materials, including carbon brushes 
d glass-metal seals, as well as many types of 
etals and alloys. This uses, in one step of the 
cedure, ordinary paraffin disks and abrasive 
WG spended in soap solution. It is noted in the 
ticle on Metallographic Polishing in the @ 
— letals Handbook, and is worthy of further 
hickre mphasis 
0 | In 1925, R. G. GuTHRIE recommended the use 
y Spee (a paraffin-covered brass disk with soap solution 
sa lubricant. Turkish emery, followed by tripoli 
ainile some specimens, were the abrasives he used 
0 some n paraffin for the intermediate steps between 
rinding on a fine-grained emery wheel and final 
eating lishing with levigated alumina on a cloth base. 
al lis purpose in substituting paraffin for cloth was 
onstes reduce the thickness of the amorphous film of 
with | 
v/ Go 
ate 
e Der 
7 
e 
| © 
3 “He 
ad 





A Versatile Metallographic Polishing Process 


metal and obtain a more nearly flat specimen. 

R. L. Dowpeit and M. J. Want, at the Uni- 
versity of Minnesota, in 1933 included paraffin 
disks impregnated with No. 150 carborundum and 
No. 400 alundum in their procedure. However, 
before 1933 it was the standard practice of at 
least two laboratories in the Pittsburgh district to 
use paraffin bases with the abrasive in the disk or 
applied in suspended form in soap solution, 

The order of procedure at Westinghouse is 
briefly this: 

1. Rough grinding to a flat surface on the 
A.S.M. metallographic grinder. 

2. No. 100 carborundum in 1:1 liquid soap 
solution on a paraffin disk. 

3. No. 600 aloxite in 1:1 soap solution on 
paraffin. 

1. No. 3 Fisher levigated alumina in distilled 


water on a “selvyt” cloth base. 


5. Magnesium oxide, “shamva’’, on “selvyt” 


or white kitten’s-ear broadcloth. (This last step 
is used only where fairly high magnifications are 
required or for soft metals.) 
Ordinary paraffin of 55° C. melting point is 
satisfactory. A good grade of green soap solution 
is essential. The melted paraffin is poured into a 
Nat shallow aluminum disk previously heated to 
encourage adherence. A plane surface is obtained 


on the paraffin disk with 


a simple adjustable 





Retention of Inclusions 


Siliceous Inclusions in Steel, x 500. 


Fig. 2 Fractured Inclusion in Crack, < 100. 
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leveling device After a wheel is used a few 
times the tendency for a wax film to stick to the 
specimens disappears, due no doubt to hardening 
of the wax surface by charging with abrasive and 
by packing of the porous paraffin. 

Well-known advantages of a procedure using 
paraffin disks instead of cloth are the minimizing 
of polishing pits, the ability to maintain sharper 
edges, the retaining of inclusions, and the econ- 
omy in time required for polishing and in cost of 
material. However, the chief attraction is its 
applicability to the large variety of specimens of 
interest in an electrical manufacturing industry. 

A few extreme cases will give an idea of its 
possibilities. 

One of the most difficult tricks of polishing 


omy - - ber , Soft Material 
is to retain inclusions. Figure | shows inclusions 


, P a Electro-Graphitic Carbon, 
of varying silica content 
in a ferritic matrix. Fig- 


ee aoe 


ure 2 shows a fractured “me 


inclusion miraculously 
retained in a “fish-eye” 
of a weld (rupture formed 
prior to tensile fracture 
in all-weld test pieces 
which have not been 
annealed). 

A procedure that can 
be adapted to both very 
soft and very hard mate- 
rials is unusual. Figure 3 
shows electro-graphitic 
carbon, a very soft mate- 
rial which can be shaved 
with a finger-nail. Figure 
+t shows a glass-to-metal 
seal in which the metal, 


“kovar”, is relatively soft. Hard and Soft Combinations 


Metal to Glass Seal, * 500. Fig. 5 — Graphite in Cast Iron 


(Gray irregular material appearing at the | 
is oxide.) 

Metallographists frequently experience ‘if 
culty in retaining coarse graphite flakes in © 
iron, particularly if the matrix is not terr' 
Figure 5 shows the normal results obtained whe! 
using paraffin disks. 

That the process does not obliterate 
detail in spite of its speed is seen in Fig. 6, W' 
shows nodular fine pearlite at 2000 ciamete® 
magnification. 

Much of the metallographic work 4! 
Westinghouse Laboratories requires the detect" 
of small surface changes and the study of ' 
ures. For these cases the paraffin disk help 

; ss ; to obtain sharp edges and to retain in cks aly 
; Retention of Fine Detail oxide or penetrated metal. 2 
Fig. 6 Troostite (Fine Pearlite), x 2000. 
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Bits and Pieces 


(Metallurgicus’ Own Page) 







Wanted, an Inspection Method 


N MASS PRODUCTION — now as never before — 
itis necessary to make sure that a series of 
jhulomatic operations remain in adjustment, 
pnd that any deviation that throws the product 
T specification limits be caught immediately, 
fore a large quantity of rejects (scrap) is 
iade. An instance would be the carburizing, 
'eardening and tempering of rollers. The bet- 
. er and prompter the inspection method for 
lardness and case depth, the closer to the 
langer point the operations could be set. For 
xample, valuable furnace time could be saved 
1004 y avoiding the necessity of “over-casing” just 
0 be sure you'll always have enough. 
jou Does anyone know of a good fast check for 
hardness and depth of cases — one that can be 
put right into the production line? 
METALLURGICUS 





fin Computations of Hardenability; 
hil Effect of Undissolved Carbides 


[’ THe February 1943 issue of Metal Progress, 
METALLURGICUS questioned the accuracy of 
tion calculating hardenability from chemical composi- 
a Bon in the presence of undissolved carbide in the 
ine austenite. Of course, Grossmann’s method was 
never intended to be used on materials which 
@ Biconsisted of inhomogeneous austenite, as was 
‘rongly pointed out in his original publication. 





The presence of excess carbide alters the 
hardenability of steel (that is, the rate 
of decomposition of austenite) by (a) 
lowering the carbon content dissolved in 
the austenite and (b) providing sites of 
nucleation for the formation of pearlite. 
While undissolved carbides are com- 
mon in chromium and molybdenum 
alloy steels, they can also affect the 
results of heat treatment in a plain car- 
bon steel. This will be shown for a 
hyper-eutectoid carbon toolsteel of the 
following analysis Carbon 1.06%, man- 
ganese 0.26%, silicon 0.13%, chromium 
0.02%, nickel 0.02%, sulphur 0.019% 
and phosphorus 0.011%. 
This steel was homogenized by hold- 
ing a proper time at 1700° F. Two sam- 
ples then had a grain size of 5% and 4%, 
as determined by fracture. Microscopic 
examination of quenched pieces revealed 
no excess carbide. The ideal diameter 
was calculated as 0.99 in., assuming grain size 
of 5, and using Grossmann’s multiplying factors 
for all elements with the exception of carbon, for 
which Austin, Van Note and Prater’s factor of 
0.45 for a 1.1% carbon steel was used. (Gross- 
mann’s carbon factor extrapolated to 1.06% 
carbon gives a slightly lower value.) Ideal hard- 
enability was then determined experimentally and 
was found to be 0.96 and 1.02 in. for the two 
pieces with 5% and 4% fracture grain size. 
These figures agree well with the calculated value 
of 0.99 in. 

Presence of excess carbide in the steel when 
quenched from 1450° F. materially lowers the 
hardenability. The ideal critical diameter at a 
grain size of 8 was found experimentally to be 
0.55 in. Calculated ideal diameter, obtained from 
the D, for homogeneous austenite (0.99 in.) by 
using Grossmann’s grain size versus hardenability 
chart, was figured to be 0.78 in. Actually the 
carbon content of the austenite is not 1.06% 
but is nearer to 0.85% at a temperature of 1450° 
F. Thus, using the Grossmann carbon factor 
corresponding to this carbon content at a grain 
size of 8 we compute a value of 0.62 in. for ideal 
hardenability, a closer agreement to the observed 
hardenability. Still neglected, however, is the 
nucleating effect of the undissolved carbide. 

it is apparent that, to calculate hardenability 
from chemical composition of steels with excess 
carbide, a correction factor is required to account 
for deviations from homogeneity in addition to 
the multiplying factors for the different elements. 
Since the presence of carbide forming elements 
and variations in deoxidation practice, initial 
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structure and austenitizing time, as well as varia- 
tions in austenitizing temperature, markedly affect 
the degree of homogeneity, the complications in 
devising the correct factor are many. Rough 
estimates can be made, however, which yield 
satisfactory results for plain carbon hyper-eutec- 
toid toolsteel. (GrorGe A. Roperts, Research 
Metallurgist, Vanadium-Alloys Steel Co.) 


Decarb in Complex Alloy Steel 


W' RECENTLY had some difficulty in estimating 


surface changes in some forgings made 
from heat treated nickel-chromium-molybdenum 
Lines of demarcation between totally 


plate. 
decarburized, and 


decarburized, partially 
unchanged zones were very poorly developed 
when the samples were annealed at 1300° F. In 
further experiments specimens were submitted to 
a forging heat, air cooled and reheated to 1320", 


DUrized 


Car 


Totally 
(Ferrite) 


Ce 


(Acicular martensite) 


Partially decarburized 


Unaffected core 
(Fine martensite) 


Ss 


Micro at 100 Diameters of 4340 Steel, Heat Treated 
To Bring Out Surface Zones. Etched in 4% Nital 
1340°, 1360° and 1380° F. respectively and air 
cooled. This series was examined after polishing 
and etching but showed little improvement in 
demarcation over the annealed specimens. 
Another series was heated as above but water 


The metallurgical micros« 
zonal demarcat 


quenched. 
no improvement in : 
specimens quenched from 1320° and [349° ; ’ 
fair improvement in the 1360° F. and a sybs., 
tial improvement in the 1380° F. specimen 

The last mentioned heat treatment, just abo, 
Ac, or 1330° F., produces a martensitic stryety, 
in the unaffected metal; the almost totally dec» 
burized skin shows up as a ferritic structure 
area partially decarburized is shown as 4 eoary 
acicular martensite which gradually becom 
finer as the carbon content reaches that of t) 
unaffected metal. The latter is not marked }y 
sharp line of demarcation but can usually 
determined fairly accurately. 

The adjoining photomicrograph shows 
structure described on a plate of 4340 steel a 
subjecting to heating for forming, reheating | 
normalizing, reheating for oil quenching 
tempering, and then subjecting the samp) 
1380° F. followed by water quenching for det 
Our interpretat 

It is much easi 


mination of decarburization. 
of the various zones is shown. 
to distinguish them by visual examination t! 
by photography. (Merritt A. Scuet, Dir 
of Metallurgical Research, A. O. Smith Cor; 


Spot Test for Manganese in Stee!* 


LLOW one drop of nitric acid (1 to 1) to act 

the cleaned surface of the steel until 
reaction is practically completed. Dip a piec: 
filter paper, about ,j, to 4 in. square, into thi 
test drop until it is completely soaked and th 
deposit it in the bowl of a spot-test plate. Th 
add the following to the test paper: Two 
of nitric acid (1 to 1), 2 drops of 04% si 
nitrate solution, and 1 drop of saturated amme 
nium persulphate solution (or some small crys 
tals of solid ammonium persulphate). Mix we 
with the point of a glass rod. 

In the presence of manganese, the solut 
assumes a reddish to a reddish-violet colo 
5 to 10 min. Warming the test plate hastens" 
action, but is really not necessary. 

The above is a qualitative test. If the am 


of manganese is to be estimated, as a routine' 
of the 


it is necessary to use equal amounts 

*This method, adapted from one orig ly | 
lished in Archiv fiir das Eisenhiittenwesen, Sep'' 
1941, was received simultaneously from H. ©. H 
metallurgist for Carnegie-Illinois Steel 
Albert Neudoerffer, plant metallurgist for 
tries both thereby warranting the r¢ 
@ book of their choice, the reward for 
items in “Bits and Pieces”. 


rp 
KF Indus 
pt f 


hlishal 
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nee the time of solution should be 
i the pieces of filter paper should be 
¢ correct and equal size. For low manganese 
teels the filter paper can well be ,, in. square. 
‘the steels have 2% manganese and over, the 
in. square will be better. Size is important 
since larger amounts of manganese cannot be 
xidized by the quantities of reagent stated, nor 
vil] the resulting colors permit comparison. 

Of course the lighter the red the lower the 
manganese or, vice versa, the deeper the reddish 
purple the higher the manganese content. It is 
best, until experience is gained, to use a standard 
as comparison, and make about three tests on 
each steel. If one standard is a 0.35% manganese 
steel the test will be faint red. For a 1.5% man- 
ganese steel it will be a very deep red. A differ- 
manganese is unmistakable. Detection 
of 0.5% differences is quite easy, and a skilled 
tester can correctly distinguish steels which vary 
by 0.2° 

Cobalt is about the only interference, and it 
is unlikely to be present in the steel. 


irop ana 


b niform 


ence of | 


Timer for Photomicrography 


] HAVE FREQUENTLY heard metallographers wish 
for an exposure meter sensitive enough for 
microscopic work, Although never having seen 
a commercial light meter which would give ade- 
quate readings when used at the ground glass, 
the following system has been successful in secur- 
ing uniform density for both medium and high 
power photomicrography : 

With the specimen in place, and equipment 
locussed on the desired field, the filter and eye- 
piece are removed. A General Electric DW 48 

ght meter with cover off is then 
placed into the position shown in 


the halftone, a reading taken, 

ind by using the adjoining chart ————7 20 
‘he proper exposure can be deter- | IOX 

mined in relation to the eyepiece Eyepieces 


§ 


ind the bellows draw used. This 
method will automatically com- 
pensate for any change in objec- 
tive, diaphragm openings, light 
intensity, or metal structure. 
Maximum detail will be assured, 


since every 


Meter Readings 
8 
—- 


negative will be of 


*pimum density. Printing times 





can then become standardized 
er a nerrow range. (J. L. 
Waisman letallurgist, American 
Lar and | indry Co.) 
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Hard Spots Formed During Inspection 


A= TREATED steel forging for an aircraft 
shock strut had been machined for some 
little time in our machine shop with very little 
difficulty. The part was made from 5.A.E. 
X-4130, heat treated to a tensile strength of 
125,000 to 145,000 psi. 

Suddenly considerable difficulty was encoun- 
tered. Milling cutter teeth were chipped and 
broken after milling only a few parts. When the 
cutter failed it was noticed that the machined 
part showed small glazed areas, whose hardness 
ranged from Rockwell C-40 to 50. Such hard 
spots were difficult to account for, because the 
remainder of the part tested C-26 to 28. 

When examining the heat treated 
blasted surface of the parts prior to milling it 
was noticed that a few showed small blue spots 
in the area to be milled. The hardness of these 
spots was checked and showed Rockwell C-40 to 
50. We immediately suspected the magnetic 
inspection machine, in line between heat treating 
and milling. Examination revealed that a solid 
copper block was inserted in a recess of the part 
(the area to be milled) to enable one head of the 


sand 


General Electric DW 48 Light Meter Reading Vs. 
Exposure for Bausch & Lomb Metallographic Outfit 
Using Yellow Green Filter and Various Eyepieces 


. 


30 





\ 
‘J 5X Huygenan or Hyperplane 
sé <4 yepieces ~ 63.5 om Beilows Draw 


~ 








O 2 4 6 8 JO 12 
Exposure, Secanos 


= - + + y + 


-48 cm Bellows Draw 


~~. 24 om/ Bellows Draw 





Page 747 





JO 20 30 40 
Exposure, Seconds 


magnetic inspection machine to maintain good 
electrical contact. This copper block had become 
considerably roughened with use; electrical con- 
tact was poor and arcing sometimes took place. 

We concluded that arcing caused localized 
heating to a point above the critical temperature 
and the surrounding cold metal did an excellent 
job of quenching. A change in the copper block 
to insure good electrical contact eliminated our 
difficulties. (E. F. Green, Metallurgist, Axelson 
Mfg. Co.) 


Hardening Cracks Avoided 


HE PROBLEM was that of hardening a trigger 

handle for a small anti-aircraft cannon. The 
Rockwell specification was C-47 to 53 on thin and 
thick sections. The part was made of a plain 
carbon steel forging with 0.48% carbon. An 
appalling loss due to quench cracking was being 
experienced. 

Almost every known quenching medium was 
tried, but the result was always the same — either 
uniform Rockwells were obtained along with 
some cracks, or the cracks were eliminated at the 
expense of uniform hardness. Best results gave 
about 6% cracked rejects after an interrupted 
water quench. 

Since the crack always occurred in back of a 
webbed section on the handle it was reasoned 
that in quenching, the last place to harden — and 
consequently the last place to expand when the 
rest of the metal was contracting — was in the 
center of the web. This is shown in the sketch: 


Last plece 
to harden 


Crack 
The solution to the problem lay in bringing 
this last point of expansion to the surface where 
it could do its dirty work without cracking the 
piece. This was achieved very simply by placing 
a thin asbestos sheet over the back of the web, as 
shown in this sketch: 


Sheet wired on 
The result: No cracks, while obtaining full hard- 
ness. (WILLIAM P. Mattuew, Assistant Metal- 
lurgist, A.O.G. Corp.) 


Solder, a Good Carburization Stops 


HILE copper plating is the accepted sto 
W to prevent carburization on spots to be} 
soft, some individual without copper play 
equipment or the time to send a few parts out 
be plated can avoid a delay on some war Produe 
tion by using solder. Even though the solder; 
liquid at carburizing temperature, 170° P., the 
film is maintained in sufficient density to p 
carbon from entering the steel. 

Solder with tin content as low as 20%, by 
ance lead, will work. It can be applied by dippi 
with an iron, or with a torch. The surface my 
be clean and free of scale, well fluxed to insur 
good adherent coating. A very suitable and effe 
tive flux is the eutectic mixture of 72% gy 
chloride, and 28% ammonium chloride, by weig 

Operations on a production basis were: 

1. Clean parts are immersed into molten fy 
to depth it is desired to protect. 

2. Fluxed parts are then immersed in mol 
solder (750 to 850° F.) to desired depth. Solde 
is protected from the atmosphere by layer of fy 

3. Parts are shaken to remove excess solder, 
then immersed in cold water. This removes 
flux, cools the part for further handling 
institutes a slight rusting action which preven 
the solder from flowing when parts are heatei 
(GLENN THIERSCH, Service Engineer, E. F. Houg 
ton & Co.) 


Contaminated Thermocouples 


serS of modern controlled atmosphere fw 
U naces, especially those containing ammot 
gas additions, should be on guard against erratt 
temperature control due to thermocouple failure 
Leaky protection tubes are usually indicaleé 
when furnace temperatures creep up above tb 
indicated control temperature. 

Our experience has shown that 
chromel-alumel couple, No. 8 gage wire, "! 
leaky protection tube will go bad in a short spac 
of four hours. On examination the chrome! wi" 
is found to be both brittle and slightly magnet 
The tubes that go bad are of the 15-5 oF other 
high chromium-nickel steels. 

We have found that pure nicke! will # 
excellent results in such an atmosphere How 
ever, if there has been any welding cone 0° oe 
tube, be sure to double check for leakage. Do"! 
assume that the tubes are gas tight un'! you nave 
checked them under air pressure. Y: 
yourself plenty of future trouble. (F 
Treating Dept., Wm. Powell Co.) 


a new 


1a 


may save 


NK, Heat 
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...§egregation of alloy 
foundry scrap essential 







Information supplied by an Industrial Publication 


{ficient utilization of recoverable alloys in 
oundry scrap, which is of vital importance today 

foundries making alloy castings, depends pri- 
marily on thorough scrap segregation. 

The principal factors to be considered in segre- 
gation are: positive identification of scrap, ade- 
quate storage facilities and constant supervision. 

Several methods of sure identification are avail- 
ble. For example, riser shapes can be varied ac- 
cording to composition. Core wires can be inserted 
in sprues. Molds can be marked to indicate special 
handling of sprues, gates and risers. Paint of differ- 
int colors applied after shaking out is a simple, 


effective method. 

Adequate storage space implies first, sufficient 
room to keep scrap segregated in storage. The 
amount of space provided should also take into 
account the ultimate disposition of the scrap. That 
is, will it be used by the foundry storing it, or be 
allowed to accumulate before shipment elsewhere? 

Proper and continuous supervision is essential 
to thorough segregation. In fact, it is doubtful 
if any segregation program will be completely 
effective unless someone equipped with adequate 
authority is made directly responsible for main- 
taining it. 
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MOLYBDiCc 


OXIDE—BRIQUETTES FOR THE 


Clim 


CUPOLA °* 


ANE OLY 





FERROMOLYBDENUM FOR THE LADLE 


pany 
City 





Vay. 


1943: 





Page 749 





Pathways 


(Continued from page 723) 
is a source of many and expen- 
sive rejects. 

The fluorescent oil method 
has already been described at the 
annual meeting of the American 
Society for Metals in October, 
19427 and further 
description here. 

To sum up, we may say that 


needs no 


in as far as strength of a struc- 
ture or machine is concerned, 


the engineer must solve four 
problems: 
1. What are_ the 


static and 


applied 
working loads, 
dynamic, including those due to 
vibration? 

2. What is the 
strength and the permanency of 


working 


the available materials? 
3. How is the load locally 








Boker's Tool Steels yy 
are used 





»» Te Cacst 


The Talk of the Machine Shops Wherever 


They Satisfy!” 
N © V O 
TWIN MO ess 
fo IN pl GE ees 


For over 105 years we 
have served the industry 
and we are proud of it. 


1 8-4-1 Type High 
Speed Steel. 


6-6-2 Tungsten 


High carbon, 


and castings. 





H. BOKER & CO., Inc. 


101 DUANE ST. * 


NEW YORK 
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distributed at changes in seetin. 
among the component 
in their fittings and att 

4. What local sources d 
weakness and occasional defer 
ind with 
what degree of certainty my 
they be eliminated? 

Enough has probably bee 
said to indicate that moder 


} rts, and 
hments’ 


will be encountered 


progress in engineering practice 
in metallurgical 
strain 


knowledge, jp 
instrumentation, and 
non-destructive inspection are al 
taking their appropriate place 
in reducing the factor of igno- 
rance which has placed an undy 
burden of weight and expense 
many structures and maching 
Many of the new tools are ¢ 
direct use in metallurgical 
research. Even the practicing 
metallurgist concerned with plani 
know abou! 
these things, at least in a gener 
way, for they will frequently lea 
rather than a 
assumed solution of failures is 


problems should 


to a correct 
production, inspection, or serviee 
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| CARTRIDGE BRASS STRIP | 
1 | Cu70Zn30 | | 














4 6 8 10 
42 5. & S. Numbers Hard 

hart, control of the ready-to- 
| 1 , on ’ : 
3! ecessary if uniform physical 
ired in the fi nished metal. 





BRASS 





Most users of cartridge brass know that it has the 
most favorable combination of ductility and strength of all 
the brasses, that it can be readily spun, drawn, forged and 
upset. But many have discovered that even a metal so 
obliging can have a distinct “personality” of its own which 
has a bearing on methods of fabrication. 

For example, its mechanical properties are mark- 
edly influenced by the ready-to-finish grain size — the 
crystal size obtained by the anneal before the final cold 
working operation. The chart shown here helps to illustrate 
the extent of this influence, and the effect of cold working, 
on the tensile strength and apparent elastic limit of car- 
tridge brass strip, for the smallest and largest grain sizes 
commonly met in commercial annealing. 

This is but a single example of the kind of informa- 
tion with which Revere is prepared to supply users of 
metals. It is one reason why persistent fabricating prob- 
lems seldom trouble Revere customers. For copper-base 
alloys and practical help in using them, get in touch with 


Revere today. 


REVERE 


COPPER AND BRASS INCORPORATED 
Founded by Paul Revere in 1801 
Executive Offices: 230 Park Avenue, New York 
Sales Offices and Distributors in Most of America’s Major Cities 
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Quench 


(Continued from page 715) 
are referred to and they have 
the least permissible temperature 
drop before Ar; is reached, and 
the hazards Sherry mentions are 
encountered. 


size controlled”, so grain growth 
does not seriously result from 
moderate heating past Ac, or 
from holding at heat. But in the 
good old days, to attain the desir- 
able fine-grained structure, the 
temperature of quenching had to 
be as little beyond Ac, as pos- 
sible, and the time as short. So 
the blacksmith watched for the 
indications that the critical had 


3. Modern steels are “grain 


been passed, and then quenched. 





CASE M543 


Aircraft windshield 
wiper application. 
Requirements: strength 
and non-magnetic 
properties. 

Parts of Ampco Metal 
subject to test—proved 
satisfactory in both 
requirements. 


Adopted as standard 
for this application. 


Parts of AMPCO METAL 
MET CRITICAL TESTS 


The engineers of an aircraft windshield wiper manufacturer 
needed small bronze parts that had maximum strength and 
suitable non-magnetic properties—strength to overcome terrific 
wind stresses; non-magnetic properties to prevent compass 
variations. Under an 85-hour test, involving 2,000,000 recip- 
rocating cycles of motor and equipment, parts of Ampco Metal 
were not worn — proved their superiority in this application. 


Machine tools, aircraft, ordnance, — war production of all kinds 
where bronzes are used—are equipped with parts of Ampco 
Metal because they have the necessary toughness and durabil- 
ity to give superior service. With credit to yourself you can 
use Ampco Metal and solve critical metal problems. “File 41 
—Engineering Data Sheets” tells how other engineers are using 
Ampco bronze. Write today for your copy. 


AMPCO METAL, INC. 


DEPARTMENT MP-5 MILWAUKEE, WISCONSIN 
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Anyhow, the “rule” dog; , 
apply today, and that is the ; 
nificant thing. , 

Bill Woodside, 
Stagg, and others of 
time experience, should be ab\ 
confirm or deny (a) whether 4 
“rule” ever existed, and (} 
so, whether my guesses ac az 
for its origin 

Perhaps I should add 
order to complete the story, jw» 
words about when and why 
may be very advantageous 
quench from a falling heat 

With carbon steels, ther 
not much to gain, and as poin} 
out before, Ar, is not {; 
depressed below Acs, so the | 
ard is present of quenching frm 
within the transformation ra 

With alloy steels, Ar, t 
is depressed considerably, a 
advantage may be and frequent 
is taken of this fact by letting th 
work temperature drop bef 
quenching, with a _ consequer 
reduction in cooling velocity i 
the quench, thus reducing dis! 
tion and austenite retention. ‘ 


Arcam 
milar |i 


some alloy carburized steels suc! 
as 4820, it is impossible to ¢ 
C-60 or harder by direct quence 
ing from the carburizing heal 
but if the carburized work is 
cooled (or better, cooled by t 
fer to a furnace at a lower | 
perature, say 200°), C-00 n 
attained. And distortion w! 
The rate of cooling befor 
quenching must be fairly hig 
maximum depress! 


less. 


to get 
Ar and avoid separation ol pr 
eutectoid constituents; two s 
baths are often used | 
the desired result. For 
heat to 1700, transfe: 
at 1500, then quench 
cedure is not new 
mentions it in his b 

The Lindberg n 
Treating Hints” pot 
utility of such proced 
steels, suggesting “q! 
hot salt baths, then o1 4 
from the salt bath. Much ree 
distortion and tends ti 


is promised. 
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sion WENTY years in the history of this All of this points to the most important req- 
of pro country is not long. But in the history uisite if a foundry is to serve industry along 
vo sal of chrome-iron and chrome-nickel castings these lines. That requisite is experience. 

rod : ‘ . . 

a it covers just about all of it. For we were That our metallurgists and foundrymen 
Ht bath —e those who did the pioneering work can look back upon so many years of serv- 
‘is in high alloy castings back in the early ice is indicative of the service they can 
owlton twenties, give you today. 


“mM -HE DURALOY COMPANY 


ing” it Office and Plant: Scottdale, Pa. 
ncbing Eastern Office: 12 East 4lst St.. New York. N. Y. 


educet Detroit: Scranton, Pa.: 
) crack © Duraloy Co. of Detroit Coffin & Smith 
¢ Metal Goods Corporation: St. Louis—Houston—Dallas—Tulsa—New Orleans $-DU-2 
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ing) that the iron atoms jp » 
° . . e ' _ — , 
Atomic Structure of Martensite mormcees acy er Poe ~_ 
ever, X-ray diffraction tterns ' 
been unable to determin: where 
carbon atoms stow themselves a» 
Petch’s brief article is therefon 
appraisal of indirect evidence 
Density measurements } 
eliminated the possibility that « 
bon replaces iron atoms op 
tetragonal lattice; the most jig 
alternative is that they are jpg 
interstices of the iron lattice 
which there are three possible ty 
the centers of unit triangs 
tetrahedra or octahedra made 
with iron atoms at the apexes, 
of these is large enough to aceg 
modate a carbon atom (op 
assumption that iron and cary 
atoms act as hard spheres of J 
and 0.77 A radius respectively 
that as the amount of carbon 
D > T R Oo I T the steel increases the dimensi 
of the martensitic cell must 
increase — which is in accord wil 


R Oo Cc 4 | N G ; experiment. 


From a consideration of wh 
> L > oe - 34 I + should happen to the dimensions 
the lattice if the carbon atom ta 
F U R N A Cc E s any of the three possible position 
and a comparison of these theor 
ical changes with the chang 
observed in the X-ray diffracti 
patterns and in the density a i 
carbon content increases in 
FOR BRASS AND experimental steels, Dr. Petch o 
IRON FOUNDRY USE cludes that the carbon atoms are 


the mid-points of the long edges 


A PAPER by N. J. Petch of Caven- of the unit face-centered cells of 
dish Laboratory, Cambridge iron, and at the mid-points of the 
University, presented to the Febru- edges. In a second paper to the 
ary 1942 meeting of the British lron February 1943 meeting the same 
& Steel Institute and abstracted in author considers “The Positions of 
Vetal Progress for July, discussed the Carbon Atoms in Martensite”’. 
“The Position of the Carbon Atoms Fink and Campbell first showed 
in Austenite”’, and concluded that (in the 1926 Transactions of the 
the carbon atoms lie at the centers American Society for Steel Treat- 





Detroit Furnaces insure rapid 
melting speed, low metal loss- the martensite tetragonal cells a 
es. less labor and saving in at the centers of the faces pe 
floor space. With this furnace , on ba 
you can run a variety of mix- pendicular to them. These posi 
tures, 1 or 2 heats an hour, 
large or small. For increased In them the carbon atoms 
production at lowest net cost rounded by octahedra of i 
and unequalled operating aan ey Depp : Tye 
flexibility, this versatile melt- There is never enough ca 
ing unit simply cannot be solution for all thes posit 
beaten. Write for facts. be filled. This would req 


1] 


carbon atoms per unit cell 
with the maximum content! 
carbon steels, there ill 


are crystallographically equi 


average of only 0.16 pe! 
The behavior is as if, 
only one in 12 of 
positions were filled. 
The martensite struct 
esting because of its bei 
at all, and because t! 
utilized by the carbon 
those which would 
considered the largest 
assumption that ato 
hard spheres is not al 
rect picture. The oct 
stice occupied, with t 
four long center-to-1! 
may effectively accon 


DE TRO T bon atom better than t 
SESCTENG FURNACE Biveee interstices with four ! 


KUHLMAN ELECTRIC COMPANY ° FO aera & ae Bien fier e. to-iron distances. 
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can step up your production 
now = when its needed most! 


@ SCALE-FREE, DECARB-FREE 
HARDENING AT ALL TIMES 


@ ALi STEELS CAN BE 
HEATED SIMULTANEOUSLY 


@ ATMOSPHERE ADJUSTMENTS 
ARE ENTIRELY ELIMINATED 


@ NO SPECIAL SKILL IS 
REQUIRED OF OPERATOR 


@ THE ONLY CHEMICALLY 
NEUTRAL ATMOSPHERE 


@ VERY LOW OPERATING 
AND MAINTENANCE COSTS 


OSITION 


does the entire job 


influences such ordnance — industrial installa- 
tions. Of equal importance is 


contaminating 


MIRACLE OF CHEMISTRY 
as oxygen, water vapor and car- 


N SOUND ENGINEERING 


NCIPLES AND CHEMISTRY 


Clean bright hardening —a 
prerequisite in modern heat- 
treating—is assured to industry 
today because of the ingenious 
engineering embodied in the 
LITHCO Atmosphere Furnace. 


Through the medium of a 
hemically-inert atmosphere, 


bon dioxide are nullified in the 
furnace at the work. This nulli- 
fier—a special LITHCO com- 
pound in cartridge form—per- 
mits steels of any carbon analysis 
to be heated simultaneously with 
only one atmosphere. 


The exceptionally high qual- 
ity and perfect uniformity of 
work heat-treated through the 
LITHCO process, are account- 
able in part for the innumerable 


the exceptional simplicity of the 
process—no technical training 
is required of the operator, no 
atmosphere adjustments are 
necessary or provided. 


* — * 


Write today for literature describing 
LITHCO scale-free and decarb-free hard 
ening, and LITHCARB fast, bright car 
burizing without scale, soot or coke See 
how production 1s facilitated, and mai 
tenance and operating costs minimized 


‘ WIRACLE OF CHEMISTRY 
BASED OW SOUND ENGINEERING 
PRINCIPLES AND CHEMISTRY 


> 
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New Products 


and Machinery 


Metal Parts Cleaning 

“Simplex”, a new metal parts 
washer, is announced by the Sturdy- 
Bilt Equipment Corp., West Allis 
(Milwaukee) Wis. Automatic, inex- 
pensive and compact, the new 
washer is said to have an action 
for soaking and washing that 
removes all foreign material. Hot 
or cold solutions—as determined 
by the particular application 
may be used. 

Cleaning solution is heated to 
temperature of 120 to 130° F. in 


short time in a fully insulated tank 
by steam, electricity or gas. Washer 
is furnished in three sizes — 36x 
24x36-in. deep; 48x36x36-in. deep; 
and 60x48x36-in. deep. 


Localized Heat 

Treating Machine 

For continuous annealing of 
steel cartridge case mouths (sizes 
from 37 to 105 mm.) the Selas Co., 
Philadelphia, has built a series of 


automatic machines _ utilizing 
ceramic-cup radiant gas burners in 
refractory-lined tunnels which let 
down over moving lines of cartridge 
cases, all as shown in the engraving 
above. 

Each cartridge case rotates on 
an individual spindle during its 
transit through the annealing tun- 
nel, so that preheating, heating and 
cooling is uniform over the desired 
area. In this unit for 37 and 40-mm. 
sizes, the tunnel is lowered sufli- 
ciently to anneal the metal down 
to a point several inches below the 


open end. 


New Grinding Wheel 

Precision grinding wheel of 
open, cellular construction (No. 15 
abrasive content) is announced by 
American Emery Wheel Works, 
Providence, R.I. Designed for tool- 
rooms, the open, porous construc- 
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tion gives plenty of p-ch 
and space for air cooling, go , 
hardest alloyed steels may be ea 
without loading or by ing. 


Temperature Contro! for 

Heat Exchanger 

A new method for controlling 
the temperature in a Niagars Aety 
Heat Exchanger, as used for Cooling 
industrial liquids, is announces | 
the Niagara Blower Co., 6 East (3a 
St., New York City. 
controlling the amount of outsiq 
air passed through the evaporatiy 
cooling chamber rather than aliw. 
ing the flow of liquid being coole 
Accuracy is said to be impr 
with the cooling effect directly pr. 
portioned to load changes, giyj 


It is based 


modulated, nearly straight-line 
perature control, without huntig 
action. Less water is consu 
and when the heat exchanger 
used to cool oils or compou 
there is no settling of s 
restricted flow or clogging of t 
to interrupt operations. 


New Industrial Chilling Unit 
New Deepfreeze industrial 
ing unit is announced by Motor 
Products Corp. of North Chicag 

Ill Known as Model D-7) 
two-stage unit provides a 
range of sub-zero temperatu 
down to —70° F., and removes Si 
Btu. per hr. at that temperature 


This is said to meet and excetd 
U. S. Government specifications for 
chilling units for temperatures of 
—68° F. 

One of the wide ap} 
the Deepfreeze unit is 
craft industry for re 
aging of aluminum rivet 
ing annealed aluminun 
for shrink-fit assembly o! parts 

(Continued on pag. 79?) 
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tarding the 
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AOF’ WELL IN HAND 


sand and permanent mold aluminum cast- 
ing many producers of finished and semi- 
materials to keep the “Situation Well In 
he production front. Over thirty years of 
thorough research, careful supervision and 
craftsmanship have made us one of the 
ducers of sand and permanent mold alumi- 
ges. TENUAL Aluminum Castings are meet- 


s demands—assuring tomorrow's needs. 


a 


TEN & 
ALUMINUM CASTINGS 


ph shows one of our battery of squeezer 

nes. Man is using hand tampers. With speed all 
g 

t these days, squeezer machines are playing a 


the mass production of castings. 









UALITY SAND AND PERMANENT MOLD ALUMINUM CASTINGS 








New Products 


Straightening Press 

A new high speed straightening 
press is said to eliminate the neces 
sity for moving rounds from the 
press anvils to centers for checking. 
According to Anderson Bros. Mfg. 
Co., Rockford, LIL, both operations 


may be done in the same position. 


In this device when pressure is re- 
leased, the spring tension on rolls 
lifts the shaft from the anvils, free 
to rotate for checking. Rolls are 
easily adjusted for different lengths 
of shafts and can be removed alto- 
gether if necessary. The press 
comes equipped with a calibrated 
indicator gage. The press is also 
equipped with a pressure gage so 
the exact force required to straight- 
en any shaft can be determined by 
the operator in a short time. This 


is a high production machine, built 





22-FOOT RETORTS 


for MAGNESIUM 
PRODUCTION 


@ The centrifugally-cast 22-foot long retorts as 


used in the process of distillation of magnesium 


cre further examples of MICHIANA'S ability to 


meet the new requirements of this infant industry. 


MICHIANA foundrymen well realize the unusual 


importance of this light metal for immediate use in air- 


plane construction, — and therefore the need for speed 


in turning out the Retorts required in the process. If your 


use of heat- and corrosion-resistant alloy castings is in 


the conventional applications or involves new untried ones 


—you can depend on MICHIANA. Our metallurgists are 


ready to make recommendations and cooperate with you at 


all times. 


MICHIANA PRODUCTS CORPORATION 


MICHIGAN CITY, INDIANA 
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to handle work yw; 
eter; larger sizes 
suit requirements 
work a unit is b 
by a hand hydr 
capacity up to 20. 


Largest Furnace 
Representing y 
be the largest ec} 
atmosphere  furn 
Lithco unit is nov 
a day in an east 
air engine propell 
the Lithium Corp 
many problems we 
designing this eg 
muffle, measuring 
high and 25 ft. hk 
stand working te: 
ing from 900 to 2100 
upon the requir« 
roller support was ¢ 
pensate for expansi 
tion. Insulation 1 
66 specially desig 


havt 
vu 


sure even heat distr 
ity approximates 
This equipment ha 
phere adjustments, 
obtain consistently | 
free hardening, re 
steel being heated 
work is said to be 
times, without clea 


or descaling operati 


Induction Heating 
Van Norman Machin 
Springfield, Mass., ann 
new induction heating u 
face hardening, brazing 
and other localized heating 
tions. These units 
kilowatts are said t 
age requirements 
plant. Each mach 
pletely enclosed unit re 
able for parts 
small lots, or it can 
into any productio! 
simple and easy to 
tor merely conn 
heating coil for 
sets the heat and « 
quired, and piect 
be treated with 
To change from « 
the operator sin 
work holding fixt 
coil and resets the 
meet the new re 
' 


vantages offered | 


Continued 














St. JOSEPH LEAD COMPANY: 


250 PARK AVENUE 


New YORK 
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AN OPEN LETTER TO OUR CUSTOMERS 


naustry nave 
at least, 


yrement departments of i 
han metal selling. 


We know that the proc 
the very toughest problems. during war time. 
ch more aifficult today % 


metal puy ing 
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ficient sales 
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Yet we often 
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*aSSIST": e 
100% of 8 value 
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cannot pook more 


of the ¢onnage © 
normal stocks of lead, 


and airect Government 

d-Lease;, must take pre- 
ften unable to expedite your 

n the dates requested. 


HEXPEDITE": at present we c 
ny oF cadmium, 


‘ gedence, 8° 
orders bY shipping ° 


gircumstances may cause us to fall short in performance of 
our sales ideals, put we still have ideals. 
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vice Pres. and Sales Mgr. 
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Marking Ink dry quickly and 
Ne 7 A marking ink which has been standing conside: 
Ww produced for several years exclu- must not be affect; 
sively for a large electrical concern oils, heat or cold 
Products is now available to the general pub- which may be ne 
lic from Robert T. Spence, Lynn, process of manufact 
Mass. Requirements successfully not be messy or ha 
met are as follows: able features for th 
(Continued from page 792) An ink with which any employee must be easily remo 


ing include uniform hardening, can write clear and distinct small eradicator, so that i 


output, numbers or letters on any metal, error or change, the 


accurate results, increased 
glass or ceramic surface, using an easily and quickly rv 
ordinary steel pen. It must write been written with: 
and dry absolutely black. It must dainage whatsoever | 


conservation of alloy steels, reduced 
spoilage, reduction in costs, and 
important savings in time. 





Large Welding Elbow 
Now in producti 
Turns, Louisville, Ky., is th 


Friends of Kemp, both old and seamless welding elbow | 
new, will be interested in this SS ee 


Navy. These are said t 


V Mail from the Front Line: largest seamless elbows ev 




















This piping has exactly the s 
aperture all around the curve! 
it has on the _ straight-awa) 
therefore presents m! 
obstruction to the fl 


Portable Dust Collector 

A new portable dust | 
known as the “Safe-A 
been developed by the 
Metal Co. of Clevela 


use is to collect dus 


’ 














gle grinder or othe 
-_ machine, separate th 
The Army-Navy “E” flag, awarded 
“for high achievement in the pro- 
duction of materials of war,” proudly 
flies at The C. M. Kemp Mfg. Co. 


air, and blow the clk 
back into the shop 
mally handle the 
9-in. grinding whee! 
with a %-h.p. motor 
blower at 3400 r.p.! 


KREMP of BALTIMORE | 537 ie. high, 27 in 


deep and weighs 12! 
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CONTROLLED 
MATERIAL— 


\ perfect name of Co- 
lumbia Tool Steel. Its 
manufacture always has 
been controlled in every 
detail. 

And now the control 
of distribution promises 
to make it more gen- 
erally available. 















LUMBIA TOOL STEEL COMPANY 


TREET H 



















COLUMBIA 
MOTOR-GENERATORS 


for Electro-Plating and 
other Electrolytic Processes 


a 















—- 
we 
_— 


* Of \ 


Columbie generators embody every feature essential 
: dependable, 24-hour operation. ._ = are built for 
2 rpleting service in sizes of 6 to 20 volts, 500 to 
900 amperes, for anodic treatment of aluminum in 
- of 40, 50 and 60 volts, 500 to 3,000 amperes. 

olumbie generators for other electrolytic processes 
ny from to 250 KW, 100 to 40,000 amperes, 6 

vo 

Prompt :hipment can be made on an e and siz 
What are your requirements? = 3 


COLUMBIA ELECTRIC MFG. CO. 
4519 b ton Ave. Cleveland, Ohio 

















For Electrical fzplications 


USE THE NEW 
CHACE NO. 6850 


Th exmostatic 


BIMETAL 


This recently developed bimetal possesses 
an exceptionally high resistivity, high deflec- 
tion rate, and is therefore especially suited for 
such applications as: 


FLASHERS 

MOTOR STARTERS 

HEAT ENGINES 

CIRCUIT BREAKERS 

SIGNAL APPARATUS 

ELECTRICAL INSTRUMENTS 

AUTOMOTIVE INSTRUMENTS 

TIME DELAY SWITCHES 

CURRENT DEMAND INDICATORS 

REMOTE CONTROL SWITCHES 

CURRENT LIMITING DEVICES 

MOTOR OVERLOAD PROTECTION 
This new bimetal can be used to improve the 
performance of these controls.by increasing 
the power output for a given watts loss in the 
thermal element. A _ thicker, more rigid 
bimetal strip can be used without sacrificing 
thermal deflection. Even more important is 
the possibility of producing controls for 
lower ampere rating. Frequently this will 
make it possible to add lower capacity ratings 
to an existing line—such as a five or 10 


ampere circuit breaker to the usual range of 


domestic breakers of 15—70 amperes. 


Send for Bulletin No. B-243 which gives com- 
plete details regarding Chace No. 6850 


Thermostatic Bimetal. 


WM. CHACE Co, 


Olurers 


— Thermostatic Bimetals and Special Alloys 


1626 BEARD AVE + DETROIT, MICH. 
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WHAT'S NEW 


IN MANUFACTURERS’ LITERATURE 





METAL WORKING e FABRI- 
CATION 


New precision grinding wheel of 
open, cellular construction is de- 
scribed in folder issued by American 
Emery Wheel Works. Bulletin Eg-501. 

Two interesting booklets illustrate 
presses for the metal working and 
process industries. Hydraulic Press 
Mfg. Co. Bulletin Eg-475. 

20-page illustrated catalog on E. 
W. Bliss Co. line of straight side 
single crank presses. Bulletin Eg-380. 

Working leaflet on the brazing of 
cemented carbide tools. Carboloy 
Bulletin Eg-278. 

Cutting Fluids, an illustrated book- 
let. Pate Oil Co. Bulletin Eg-496. 

New 12-page illustrated bulletin 
describes dag _ colloidal graphite. 
Acheson Colloids Corp. Bulletin 
Eg-465. 

Chip breaker chart shows three 
chip breaker types and kind of chips 
which will result from use of each 
type of breaker. McKenna Metals Co. 
Bulletin Eg-238. 

265-page textbook covers 
niques used in contour 
laboratory controls in 
of precision saw bands. 
ice Co. Bulletin Eg-297. 

Multi-wash dust collectors for 
aluminum-magnesium metal working 
plants are illustrated in new leaflet 
by Claude B. Schneible Co. Bulletin 
Eg-161. 

Big, comprehensive data book de- 
scribes specialized oils and shows 
uses for hydraulic oils in metal work- 
ing. Warren Refining & Chemical Co. 
Bulletin Eg-454. 


Co. 


tech- 
machining, 
manufacture 
Doall Serv- 


Powdered metal presses producing 
millions of metal parts illustrated in 
catalog by Kux Machine Co. Bulle- 
tin Eg-500. 

Rubberized fabric industrial gloves 
resistant to oil, grease and petroleum 
solvents as well as acids are de- 
scribed in leaflet by Edmont Mfg. Co. 
Bulletin Eg-506. 

Forging presses. 
Bulletin Ff-105. 

Horizontal extrusion presses. 
Hydropress, Inc. Bulletin Ff-394. 

36-page pictorial story of the Ceco- 
stamp. Chambersburg Engineering 
Co. Bulletin Ff-132. 

Cutting Oils. Cities Service Oil Co. 
Bulletin Ec-113. 

Cutting Oil Handbook. D. A. Stuart 
Oil Co. Bulletin Ke-118. 


Presses for Powder 
F. J. Stokes Machine Co. 
Af-335. 

Properties and uses of cutting oils. 
Gulf Oil Corp. Bulletin Ef-360. 

Forty different ways to cut ma- 
chining costs. Continental Machines, 
Inc. Bulletin Ef-170. 

Mounted wheels, Handee and Hi- 
Power tools. Chicago Wheel & Mfg. 
Co. Bulletin Kf-230. 


Illustrated data information on cut- 
ting oils and their correct use in 
machining operations. National 
Refining Co. Bulletin Cg-479. 


Savings in oils, tool bits, grinding 
wheels. Sparkler Mfg. Co. Bulletin 
Kf-433. 

“Hy per-milling”’, a radical innova- 
tion in face-milling of steel. Firth- 
Sterling Steel Co. Bulletin Lf-177. 


Ajax Mfg. Co. 


Metallurgy. 
Bulletin 


Abrasive cloth ga 
Bulletin 


ning Corp. 


Abrasive belt p 
Divine Brothers C 


Surface coated ab 


nesota Mining & 


Ag-470. 


Grinding and poli 


Han 
Bu 


on 


sive belts. 
Builders, Inc. 


Handbook 
operations. 
Bulletin Dg-486. 

Stampings 
press. Di Machi 
Dg-490. 

52-page 
Metals Co. 

Information 
straightening 
Anderson Bros. 
Dg-491. 


tool 


Cherry 


with 


press 


-46 
oli 
o. 
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ng 
in 
ill 


aircraft 


ew 
ne 


manual, 


and 
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M fg. Cr 


FERROUS METALS 


“Aircraft Alloy Steels” is title 
the combined special stock list» 
data book published by Joseph 
Ryerson & Son, Inc. Booklet is 
tical guide to aircraft steel ste 
prices, sales limitations, and sped 


Bulletin 


corrosion 


cations. 


New 


fluencing corros 
national Nickel ( 


Eg-106. 
data 


act 


Bul 
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with 


g-363, 


's. Behr-W 
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(Ng Machine 
illetin Kty 
ve belts, \j 
Bullet 


d Machine 
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rivet 
vet Compay 


Hi-Sp 4 


Bullet 


McKes 


Bulletin Dg-238, 
data « 


offer: 
x 4 


of 


work sh 
acts as check list to insure consider 
tion and evaluation of all factors 


ion. 


letin 


* 


' 
nt 


Enduro stainless steels. Repu 
Steel Corp. Bulletin Hf-8a. 


Hard Facing Alloys. Wall-Colmo 


Corp. Bulletin Kd- 


85. 





Use Handy Coupon Below 


for Ordering Helpful Literature 


Other Manufacturers’ Literature 
Listed on Pages 800, 802, 804, 806, 88 
812, 814 and 816. 
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Send me the literature I have indicated below. 


Page 798——___. 
Ff-39%4 Kf-434 
Ff-132 Ag-470 
Re-113 ass 
Ke-118 — 
at-335 De-486 
Ef-360 Dg-190 

Dg-238 


Ef-170 

Kf-230 Dg-491 

Cg-479 § Eg-106 

Kf-433 Eg-45 
Hf-8a 


Lf-177 

Nf-467 Kd-85 
Page 808 
Df-360 
Ef-379 
Ef-319 
Ef-386 
Ef-323 
He-41 
Ag-310 
Kf-388 
Nf-134 
Ke-211 
Nf-305 
Nf-141 
Nf-181 
Ag-448 


Eg-501 
Eg-475 
Eg-380 
Eg-278 
Eg-496 
Eg-465 
Eg-238 
Eg-297 
Eg-161 
Eg-454 
Eg-500 
Eg-506 
Ff-105 


Cd-255 
Ce-76 
Ld-208 
Ld-295 
Kd-229 
Hb-4 
Cf-311 
Df-116 
Kf-429 
Kf-450 
Ox-7 
Nf-312 
Df-92 
Bg-293 
Nf-169 
Eg-126 
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Ne-15 
BI-5 
Ne-114 
Be-30 
Ce-219 
Gd-2 
Be-82 
Bb-187 
Ke-260 
Hb-81 
cfr-70 
Cf-24 
Dft-60 


Ag-123 
Cg-484 
Cg-226 
Cg-ll 

Cg-476 
Kf-444 
Kf-446 
Kfr-439 
Kf-447 
Dg-38 

Dg-487 
Dg-214 
Dg-234 
Dg-35 


Dg-138 
Dg-ih 
Ce-75 
Eg-221 
Eg-497 
Te-88 
La-57 
Ef-218 
Df-100 
Nf-192 
Ag-469 


—Page 810— 


Address 


(Students—please write direct to manufacturers.) 
Check or circle the numbers referring to literature described on 
——Page 1 ____ 


Page 802— 
Gf-248 Bg-471 
Ag-468 Bg-46 
Nf-470 Bg-110 
ans Ff-395 
Cg-54 Bg-87 
Dg-488 Ff-320 
Dg-171 He-6 
Eg-259 Bf-345 
Eg-134 Af-198 
Eg-67 Hb- 180 
Eg-348 Df-377 
Eg-503 Cf-157 
—Page 812— 
Df-376 Ef-381 
Ff-240 Dg-112 
Ff-193 Ff-396 
Hd-29 Bg-195 
Kf-457 Ka-13 
Ne-254 Bf-16 
Ge-143 Db-18 
Gf-256 
KP-456 Hf-131 
Kf-426 Ga-90 
Nb-212 Bf-124 


Kf-455 
Bg-239 
Kd-&89 
Lf-436 
Af-337 
Kf-437 
Kf-421 
De-305 
Df-371 
f-415 
Gf-67 
Be-215 
Nf-163 
Cg-481 
Cg-482 
Cg-478 


Cg-473 
Cg-483 
Dg-175 
Dg-134 
Eg-69 
Ne-86 
Ff-393 
Ld-191 
Ge-63 
Lf-60 
Kf-425 
Lf-301 
Af-331 
Ag-134 


Dg-4198 
Eg-296 
Eg-504 
Eg-505 
Bg-472 
Lf-356 
Lf-111 

Hf -68 

Hf-189 
Ne-329 
Bf-352 


Metal Progress; Page 798 


Bf-357 

Hd-271 
Kf-451 

Cg-480 
Dg-489 
Dg-467 
Eg-477 

Eg-502 

Eg-20 


these 10 pages. 
—Page 804- 


Ce-35 Ke-33 
Cf-368 
Lf-7 

Ke-135 


Nf-53 
Nf-3 
na = 
Dg-213 
De-303 & 
Ef-21 Dg-388 


206 Eg-399 


Kf- 
Kf-458 


Kd-288 Eg-5! 
—Page 814— 
Eg-498 


Eg-46 


Eg-499 
Eg-441 
Eg-232 
Eg-174 
Kf-430 
Ce-269 
Bf-233 
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Eg-445 
Hf-49 


Fi-2 


Ff-1 
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SAVES TIME! New automatic carbon pressure 


control maintains any selected heat-treating atmos- 
phere—indefinitely. And this same atmosphere can 
be maintained automatically—24 hours a day— 
7 days a week. 


IS title 
k list a 
Joseph 
et is pr 
el stoe 


1d speci 





carbon to remove. Endogas cuts finishing time 
because any S.A.E. steel can be hardened without 
decarb or scale. 


= > SAVES WORK! No charcoal to replace—no 
> 


ork sh 
ONSIGe 
‘actors i 
n. Ini 
in Eg 





Repubi 


Colmoa 


- 


[-2 

? Now, heat-treating in controlled atmospheres can Endogas uses only ordinary fuel gas; never needs 

66 g0 on round-the-clock production schedules. to be shut down for cleaning or carbon removal. 

poe Westinghouse Endogas generators, with new It requires no packing or recharging. 

sa automatic Carbon Pressure Control, make it pos- Step up your heat-treating schedules with Endo- 

- sible. All you do for uninterrupted operation is set gas equipment. Low in cost, quickly installed. 

) the pressure control in equilibrium with any steel Available with the entire range of Westinghouse 

ws or alloy you are heat-treating —and that atmos- heat-treating equipment or for use with your 

oa phere will be maintained automatically, for as existing equipment. Wire or phone for details today. 
= ‘ong as you like. Westinghouse Elec. & Mfg. Co.,.E. Pittsburgh, Pa. 

7 j-10247 

Westingh 

: estingnouse ENDOGAS 

: PLANTS IM 25 CITIES... OFFICES EVERYWHERE 

it 

“ COMPLETE HEAT-TREATING EQUIPMENT 
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no gas, water or steam lines. 
features. Write for catalog. 





A machine for every type of job. Port- 
able—can be moved to the job. Require 
Many other 


NEW 


Improved 


Vapor Degreasing 


Speeds Up Vapor Degreasing 
by More Than 33'3% 
—Safer, More Economical 
Developed by Phillips, PHILLSOLV vapor degreasing so, 


vent is tops for efficiency. It cuts vapor degreasing time by 
one third! Reduces vapor loss. Handles wider range ¢ 


greases. 


Gives more thorough penetration of close, nesies 


parts of ferrous and non-ferrous metals. Low toxicity—hish 


safety factor. 


Write for FREE Degreasing Manual! 
PHILLSOLV, non-water soluble, has many application; 


instrument and war plants. No corrosive action. Write tody 


this new process. 


for FREE manual on Vapor Degreasing, telling how to m 
Allso for catalog of Phillips Electrical \). 


por Degreasing Machines. 


Complete Line of Electrical 
Vapor Degreasing Machines 


PHILLIPS MANUFACTURING COMPAN 


3488 W. TOUHY AVE 
CHICAGO, ILL 











WHAT'S NEW 


IN MANUFACTURERS’ LITERATURE 





Machining Steels. Monarch 


Bulletin Cd-255. 
Bethlehem 


Free 
Steel Co. 
Tool Steels. 
Bulletin Ce-76. 


Die Steels. Latrobe Electric Steel 
Co. Bulletin Ld-208. 


Enameling iron sheets. 
Steel Co. Bulletin Ld-295. 


NAX high tensile low alloy steels. 
Great Lakes Steel Corp. Bulletin Kd- 


229. 


Steel Co. 


Inland 


Loose-leaf reference book on mo- 
lybdenum steels. Climax Molybde- 
num Co. Bulletin Hb-4. 


Four Coppco tool steels. Copper- 
weld Steel Co. Bulletin Cf-311. 


Nitralloy and the Nitriding Proc- 
ess. Nitralloy Corp. Bulletin Df-116. 


Aircraft steels, bearing steels. 
Rotary Electric Steel Co. Bulletin 
Kf-429. 


Steels. Boker & Co. Bulletin Kf-450. 


Steel Data Sheets. Wheelock, Love- 
joy & Co. Bulletin Ox-74. 


Molybdenum wrought 
Molybdenum Corp. of America. 
letin Nf-312. 


steels. 
Bul- 


Stainless steel. Allegheny Ludlum 


Steel Corp. Bulletin Df-92. 


New process embodying both 
chemical and temperature controls 
for production of low carbon open 
hearth case carburizing steel is de- 
scribed in bulletin by W. J. Holliday 
& Co. Bulletin Bg-293. 


Shop notes on the machining of 
stainless steels. Rustless Iron & Steel 
Corp. Bulletin Nf-169. 


NON-FERROUS METALS 


Handy & Harman has just issued 
a revised edition of their general 
catalog on Sil-Fos and Easy-Flo braz- 
ing alloys. Bulletin Eg-126. 

Bronze. Frontier Bronze 
Bulletin Kf-455. 

6th edition of Revere Weights and 
Data Handbook. Revere Copper and 
Brass, Inc. Bulletin Bg-239. 

Copper Alloys. American Brass Co. 
Bulletin Kd-89. 

Aluminum alloys for aircraft. Rey- 
nolds Metals Co. Bulletin Lf-436. 

Platinum Metal Catalysts. Baker & 
Co., Inc. Bulletin Af-337. 


Die casting equipment. Lester- 
Phoenix, Inc. Bulletin Kf-437. 


Corp. 
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Cerrosafe, a low temperature 1 
ing metal, used to accurately pr 
cast cavities. Cerro de Pase 
per Corp. Bulletin Kf-421 

Aluminum Castings. Natio 
Bronze & Aluminum Foundry 
Bulletin De-307. 

Brass and bronze castings 
mond Brass Works. Bulleti 

Reference on properties 0! i 
St. Joseph Lead Co. Bulletin 4 

Catalog of brass, bronze anc 
alloys. Cramp Brass and Iron f 
dries Div., Baldwin Loco! 
Works. Bulletin Gf-67. 

Dowmetal data book. 
cal Co. Bulletin Ec-215. 

80-page Duronze Manual, we! 
dexed for reference, presents © 
on high strength silicon brov 
Bridgeport Brass Co. Bullet 
163. 

Forgeable tin-free bearing ' 
Mueller Brass Co. Bulletin (¢* 

Surface protection ! 
American Magnesium Corp 
Cg-482. 

Standard specifi ns 
grades of aluminum yys (ca 
grades only). Federated Mets’ 
American Smelting and Ket 
Bulletin Cg-478. 


Dow Une 


I 
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@ In heat-treating carbon, alloy, and high-speed tool 
steels, you no longer need slow down operations to the 
capacity of the few experienced heat treaters avail- 
able. With a Delaware Controlled Atmosphere Fur- 
nace, or a battery of these Furnaces, and the guidance 
of one experienced heat treater you can step up qual- 
ity while using the inexperienced help of women. 

Delaware Controlled Atmosphere Furnaces insure 
high quality results 


BECAUSE: The new Delaware tangential firing method 
insures perfect temperature uniformity throughout the 
entire work area of the hearth. 


BECAUSE: Its simplified sme prs principle yields 
clean, scale-free, perfectly hard surfaces on all steels. 


BECAUSE: With temperature automatically controlled, 
the heating operation consists solely in loading, timing 
and quenching. 


If your work involves the heat-treatment of tool and 
alloy steels—from the simplest straight carbon type on 
— the various Moly high 
speed steels—you will be inter- 
ested in the Delaware Con- 
trolled Atmosphere Furnace. 
Representing a development of 
many years of heat-treating 
experience, it embodies 
patented features which make 
it the most perfect heat-treating 
tool of its kind. 





SEND FOR THIS BOOK 


JeLAWARE Sa 


CONTROLLED AT the Delaware Furnace. filus- 
: MOSPHERE trates features which simplify 


Mmhtt —--—_ 


DELAWARE TOOL STEEL CORPORATION 


NUFACTURERS OF FINE TOOLS SINCE 1918 
WILMINGTON DELAWARE 











Modern ANALYSIS 


% SPECTRO ANALYSIS 
% CARBON DETERMINATION 
% SULPHUR DETERMINATION 


rox THE METAL 
INDUSTRIES 


Varitemp furnace with Carbon De 
terminator provides accurate deter 
minations of carbon in ferrous and 
non-ferrous materials, well within 
the ASTM specifications for control 
work—-and within two minutes. 

Sulphur Determinator provides accu 
rate determinations within three 





minutes. 


Comparator - Densitometer 
identifies spectral lines 
by comparison with a pro 
jected Master Plate. A den 
sitometer for reading the 
transmission of the spectral 
lines is an integral part of 
the unit. 








The ARL-DIETERT Spectrograph—being a grating instrument 
has iarge dispersion and excellent resolution. It is admirably 
suited for either research or routine analysis. The optical 
simplicity, linear dispersion, and rugged construction simplify 
eperation and assure long, trouble-free service. Write for 
complete information. 
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WHAT'S NEW 


IN MANUFACTURERS’ LITERATURE 





Attractive booklet on Bunting cast 
bronze, sleeve type standardized 
bearings. Bunting Brass & Bronze 
Co. Bulletin Cg-473. 

Rare metals, alloys and ores. 
Mineral Co. Bulletin Cg-483. 

New engineering data sheet No. 109 
announces extruded Ampco Metal 
produced in new extrusion mill. 
Ampco Metal, Inc. Bulletin Dg-175. 

Everyone joining nonferrous met- 
als needs the new 12-page Westing- 
house Brazing Booklet, crammed 
with timely ideas for saving man- 
hours and critical materials. West- 
inghouse Elec. & Mfg. Co. Bulletin 
Dg-134. 


WELDING 


New color chart shows 
oxyacetylene flame adjustment. 
Reduction Co. Bulletin Eg-69. 

Welding Stainless. Page Steel & 
Wire Div., American Chain & Cable 
Co., Inc. Bulletin Ne-86. 

Chart explains how to select proper 
flux for every welding, brazing and 
soldering job. Krembs & Co. Bul- 
letin Ff-393. 

Electrode 
time graph. 
Ld-191 

Oxy-acetylene welding and cutting. 
Linde Air Products Co. Bulletin Ge- 
63. 


Arc welding accessories available 
through General Electric Co. are 
illustrated in new Bulletin Lf-60. 

Sciaky radial portable welder. Sci- 
aky Brothers. Bulletin Kf-425. 

Castolin Eutectic Alloys as a sub- 
stitute for scarce bronze or brass 
welding rods. Eutectic Welding Al- 
loys Co. Bulletin Lf-301. 


Two-stage “Regolator” for produc- 
ing a non-fluctuating welding flame. 
National Cylinder Gas Co. Bulletin 
Af-331. 

Speed is increased 20 to 30% 
and power costs cut one-third with 
the Flexare A-C welders described 
in new booklet by Westinghouse 
Electric & Mfg. Co. Bulletin Ag-134. 


Foote 


correct 


Air 


welding 
Bulletin 


quantity and 
Arcos Corp. 


Shield Arc electrodes. McKay Co. 
Bulletin Gf-248. 


Preheating, welding and normaliz- 
ing by electrical reaction and induc- 
tion is described in leaflet by Electric 
Arc, Inc. Bulletin Ag-468. 

New precision welder with the 
streamlined arc is described in leaf- 
let issued by Hercules Electric & 
Mfg. Co., Inc. Bulletin Nf-470. 


“Sureweld” protected arc elec- 
trodes, in many types and sizes, de- 
scribed in illustrated literature. 
Hollup Corp., division of National 
Cylinder Gas Co. Bulletin Ag-331. 


Data book facts on spot, seam and 
flash welding ferrous and non-fer- 
rous metals and alloys. P. R. Mal- 
lory & Co., Inc. Bulletin Cg-220. 

Welding and brazing of aluminum, 
a new data book issued by Alumi- 
num Co. of America. Bulletin Cg-54. 

Silver Red electrodes for cutting 
tools and Silver Green electrodes for 
chisel steels are described in data 
sheets just added to the catalog of 
are welding equipment issued by 
American Agile Corp. Bulletin Dg- 
485. 

Savings in solder 
vantages of the new 
developed by Fusion 
described in new leaflet. 
Dg-488. 

Modern goal in equipment design 
and welding technique is outlined 
in bulletin “New Advances in Arc 
Welding Equipment Design” by 
Harnischfeger Corp. Bulletin Dg-171. 


TESTING & CONTROL 


Electric healers and controls for 
industrial and laboratory require- 
ments are described by American In- 
strument Co. in Bulletin Eg-259. 

Just out is Westinghouse’s new 
book containing a wealth of practi- 
cal, usable information on industrial 
inspection by x-ray. Westinghouse 
Electric & Mfg. Co. Bulletin Eg-134. 

SR-4 strain gage and illustrations 
of its many uses. Baldwin South- 
wark. Bulletin Eg-67. 


and other ad- 
fusion process 

Engineering, 
Bulletin 


New Picker X-Ray 
supply catalog illustr 
cessories employed 
radiography. Bulleti: 

Radiographic identi; 
atives with lead marke 
in leaflet by H. W. Knis 
Bulletin Eg-503. 

X-ray crystal analysis apparaty ; 
described and illustrated jn pe 
folder by Philips Metelix Corp, by 
letin Bg-471. 

New 29-page catal.g- .\. 
Electric Control — has 
sued by Leeds & Northru 
letin Bg-46. 


Wheelco Instruments Co aus 
issued five new bulletins Lescribing 
its complete line of industrial ing. 
cating, recording and control ‘he. 
mometers. Bulletin Bg-110, 

“Kodak Products for Industrig 
Radiography”. Eastman Kodak 
Bulletin Ff-395. 

Bristol Co. has issued series of by 
letins covering automatic contro! a 
recording instruments for ind 
furnaces, dryers, kilns and oven 
Bulletin Bg-87. 

Inspection of non-magnetic me 
with the new Zyglo method. Mam 
flux Corp. Bulletin If-401. 

Industrial radiography with » 
dium. Canadian Radium & Uraniw 
Corp. Bulletin Ff-320. 

X-Ray Diffraction Unit. Genes 
Electric X-ray Corp. Bulletin Hed 

Radium for industrial radiography. 
Radium Chemical Co., Inc. Bullet 
Bf-345. 

Film and plate processing equp 
ment for spectro analysis. Harry ¥ 
Dietert Co. Bulletin Af-198. 

Pyrometer Controller. Ulinois Test 
ing Laboratories, Inc. Bulletin 
180. 

Portable Brinell hardness tester a 
folding Brinell microscope. Andrev 
King. Bulletin Df-377. 

Universal testing machines a0 
typical uses. Riehle Testing Machine 
Div., American Machine and Mews 
Inc. Bulletin Cf-157. 


€ssory ang 
S Many x» 

Industrigl 
g- 348, 


ilicn of th 
1S describes 


t & Son. ine 
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» «+ meets every test for the IDEAL 
MODERN GRINDING COMPOUND! 


“CODOL 


can help you achieve close to 100% grinding efficiency — os * 


is doing in hundreds of plants that realize the superiority of this unique 


modern grinding compound. Stuart's 
reduced wheel loading and glazing 
less frequent dressing 
rust 


Codol 


peratures preventative 


Stuart's 


. > 
j == 
eras 


» 
ae 
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Codol 
transparency for closer work 
rapid chip settling 
finer finishes 


for better grinding. 


gives these advantages 


lower operating tem 


economical. Try 








AIRPLANE ENGINES 
MACHINE GUNS 
TANKS 
PROPELLER BLADES 


ALUMINUM 
CASTINGS 


and Other War 
Production Parts 
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PANGBORN’S PROUDEST CITATION 


IN THIRTY-NINE YEARS 
OF PROGRESS 1904-1943 


PANGBORN 


WORLD'S LARGEST MANUFACTURERS OF BLAST CLEANING AND DUST COLLECTING EQUIPMENT 


PANGBORN CORPORATION «+ + HAGERSTOWN, MD. 
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Optical Aids. Bausch & Lom) o, 
cal Co. Bulletin Ce-3: a 


Metallographic poli ing p 
Conrad Wolff. Bulletin Cf-3%g 

Coleman universal ctron} 
eter. Wilkens-Anders { 
tin Lf-7. 

Metallurgical Equipment. 
I. Buehler. Bulletin Ke-135. 


Hardness testing equipment, ¥ 
son Mechanical Instrument ( 
Bulletin Cf-22. 


Modern Polishing. Tracy | 
rett. Bulletin De-303. : 


Potentiometer temperature j 


tors. Foxboro Co. Bulletin Ef.) 


Gage blocks, comparators, | 


tors. George Scherr Co. Bulle 


Kf-206. 
Slomin high speed elect 


analyzers and other metallurg 


laboratory equipment. E. H, Sarg 
& Co. Bulletin Kf-458. 


Surface Analyzer. Brush Develg 


ment Company. Bulletin Kd-283 


Micro-Optical Pyrometers. Pyr 


eter Instrument Co. Bulletin kK 


X-Ray metallurgical! labora 
service. Claud S. Gordon ( 
tin Nf-53. 

64-page booklet on the | 
control of industrial pr 
Brown Instrument Co. Bulleti 


Dillon tensile tester and the ! 
dynamometer are described 
lustrated in new leaflet iss 
W. C. Dillon & Co. Bulletin Att 


An innovation in the man 
ods of gas analysis know! 
ysis is described in leaflet by 
Technical Supply Co. Bulletin! 

Catalog and enginee! d 
on industrial thermocouples 
S. Richards Co. Bulletin De 


HEATING © HEAT TREA 
MENT 


36-page catalog illustrates 
Hold line of thermal, sub 
stratosphere processing 4 
machines. Kold-Hold Mig 
tin Eg-399. 


Homo method for 
scribed and _ illustrat 
page catalog by Leed 
Bulletin Eg-46. 


Furnace atmosphet 
ration, application a 
are shown in new 12 
Prepared Atmospher 
Combustion. Bulleti: 


{ 
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0% CLOSER 


EMPERATURE CONTROL 
m 


mt 










ent, Wi 
{ . 


\PACITROLS 


Electronic Principle 





CAPACITROL'S 
PERFORMANCE 





emperature 


Buel ontrollers 






The chart shown records 
a comparative test between 
a Wheelco Capacitrol and 
a mechanical controller, 


all ~ ee MECHANICAL CONTROL 
<2 o er PERFORMANCE 







which was previously con- 
sidered best in field. 


1-288 
. Pyros 


ko" performance 


»borat 


Maintaining 80°% closer temperature control, than is commonly 
expected of recognized mechanical controllers, is made possible 
by the complete elimination of all cams, motors, mechanical parts 


and sticky contacts. 


All electric operation and rugged simplicity of construction defi- 
nitely prevents all lag time between change in furnace tempera- 


ture and control action. The result is “hair line” control. 


Closer control and continuous maintenance-free operation are 
due to the absence of troublesome parts and the use of the 
famous Wheelco “Electronic Principle’—found in no other make 


of instrument. 


Wheelee Insthuments Go. 


835 W. HARRISON STREET... CHICAGO, ILLINOIS 


aol Oni ‘nator of "Electronic Principle” Temperature Controls 


ot 
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WYCKOFF'S 


ARMY-WAVY/= FLAG 


The Army-Navy “E” Flag that so proudly flies over our 
plants now carries two stars which demonstrates continuous 
outstanding achievement in the production of war materials 
by Wyckoff Production Soldiers. Since Pearl Harbor 
Wyckoff has been honored with four government merit 
awards — the Navy “E” in January 1942; the All Navy 
Burgee “E” in April 1942; the Army-Navy “E” with added 
star in August 1942, and in February 1943, a renewal of 
the Army-Navy “E” with two stars. 
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Full muffle and other heat trey 
furnaces described in catalog ; 
Charles A. Hones, Ine, By) et 
Eg-445. 

56-page vest pocket data book » 
heat treating practices and Droes 
dures. Chicago Flexible Shaft ¢, 
Bulletin Hf-49. 7 

24-page catalog describes gas, a 
and electric Holden heat treating 
furnaces, and baths. A. F. Holden ( 
Bulletin Lf-55. 


Modern electric furnaces for bg 
treating. Harold E. Trent Co, in ne 
Bulletin Lf-461. 

8-page booklet illustrates gas @ 
and electric heat treating and 
burizing furnaces. Holcroft & & 
Bulletin Lf-203. 

Faster production with Tous 
hardening, brazing, annealing aj 
heating machines. 16-page book 
by Ohio Crankshaft Co. Bulle 
Lf-145. 

Kleen-well oil strainers for quent 
oil cooling systems. Bell & Gosse 
Co. Bulletin Lf-287. 

Gas cracking unit for productin 
of a protective atmosphere duiy 
heat treatment of alloy and high x 
bon tool steels. Hevi-Duty Electr 
Co. in new Bulletin Lf-44. 

Unichrome alkaline copper pr 
esses for improvement of selectiv 
hardening and deep drawing 
steel. United Chromium, Inc. Bub 
tin Lf-463. 

Handling cylinder anhydr 
monia for metal treaters. Armor 
Ammonia Works. Bulletin Lf-4 

“Pulverized Coal, the Victory Fue 
Amsler-Morton Co. Bulletin Ff-2# 

Heat treating furnaces. Johns 
Mfg. Co. Bulletin Ff-155. 

Heat treating production, Lindbe 
Engineering Co. Bulletin Bf-66 

Rotary Hearth Furnaces. Lee W 
son Sales Corp. Bulletin Ce-302 

Industrial furnaces, equipment '® 
bright annealing stainless steels a 
ammonia dissociation equipme 
Drever Co. Bulletin Ff-321. 

Industrial ovens, rod bakers, wet 
ing rod ovens, furnaces. Carl-Mayt 
Corp. Bulletin Bf-183. 4 

Non-metallic Electric Heating 
ments. Globar Div., Carboru® 
Co. Bulletin Lb-25. 

Heat treatment in electric sa» 
furnaces. Ajax Electric Co., In 
letin If-43. 

Control of temperatures of @ 
ing baths. Niagara Blower © 
letin Cf-367. = 

Molten Sali Baths. &. |. Du® 
de Nemours & Co., Inc., Eiectror 


icals Department. Bulletin f-41; 
——— os 


oth 
de 
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MAIIkn. TEMPERATURE 
FANS 


Designed for MAHR-built Furnaces 
. » »« Now Available for All! 


Do you have fan trouble? Do rotors burn out at high 
temperatures? Do you have excessive service and re- 
placement costs? Here's a fan that will give you quick 
and permanent relief. Designed by our own engineers 
as standard equipment on MAHR Furnaces and Ovens 
— designed for temperature work specifically — thor- 
oughly tested and proven—now offered to you as the 
most modern and satisfactory fan available today. 


RATUY 


ENGINEERS DESIGNERS + MANUFACTURERS 


} treati all EQUIPMENT FOR METAL HEATING 


talog by 
Bullet 





book a 
d procs 
aft (, 


Bas, a 
ating py 
Iden Cy 





Bulletn 


A ROTOR THAT WON'T 
BURN UP 


r quency 
t Gosset 





‘oductia 
e durig 
high Cat. 

Ele ty 





A OOK AT THESE FEATURES! 

1ecuw 

wing A FAN EASILY RE-ASSEMBLED FOR 16 STAND. 

c. Bule@S ARD DISCHARGE POSITIONS. Any one of 8 
cw. and 8 c.c.w. positions can be easily and 

rous a quickly obtained without cutting. welding or re- 

Armowi building. That's real flexibility. 


Lf-443 
ry Fuel ACCESSIBILITY THAT SAVES PRECIOUS TIME 
Ff-286 Note picture in panel showing how—by loosen- 
' ing a few bolts—the rotor, shaft, bearings and 
Johaste mounting can be pulled out as a unit for inspec- 
tion or servicing. 


This MAHR-designed 
"6-blade rotor just re- 
fuses to quit—-no con- 
dition we have yel 
found up to 1500 F. 
disturbs it a particle. 




















Lindberg 
ry: BEARINGS THAT CAN REALLY TAKE IT—All 
-66 
Lee Wi MAHR High Temperature Fans (800° to 1500° F.) Ask for BULLETIN 1070 on 

“ 7 have the latest self-cligning, ring-oiled, water- 
302. TI cocied, precision type sleeve bearings. Auxiliary MAHR Temperature Fans 
ment 1 cooling device helps dissipate heat load on the 
= - bearings. If you do low temperature work under 
mPa BB TD OUTPUT DELIVERED AT RELATIVELY 000° F. or high tempesutase work 800 to 
— LOW SPEEDS—This reduces bearing wear. min- 1500° F., you will benefit by investigating 
rh Maye imizes stresses and strains, prolongs life of fan. MAHR Fans for replacements or initial in- 

| 10 SIZES—800 TO 40,000 C.F.M.—It's impossible ctatietions. 
ting be here to tell all the important features of MAHR 
orundua Temperature Fans—but they have fully satisfied es 
= own exacting requirements and our bulletin = 

salt pad give the facts, ar a] sal a] 
ine, Ba THERE’S A MAHR FURNACE For 
ll SALES REPRESENTATIVES IN EVERY HEAT TREATING NEED 
co Be PRINCIPAL CITIES Annealing Furnace Types y om A MAHR 

o. be Carburizi . \quipment 

Any MAHR Sales Engineer will be glad to Bentns cae Pit —— Rivet Forges 

DuPost give you full information about MAHR Hardening Pusher Terehes 
rrochel Temperature Fans or any other MAHR Forging Costimaces Blowers 

13 products. Tell him your problems or write Drawing Pot Valves 
f-41. us. Stress Relief Rotary Smithing Forges 
ne 














: MAHR MANUFACTURING CO. 
| 908, at DIVISION OF DIAMOND IRON WORKS, INC. 


1700 North Second Street Minneapolis, Minnesota, U. S. A. 
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_ Heat treating, braz 
ae mec _— = ing of ferrous § an 
YI H 4 / S \ f: Ti metals. Lepel High | 
, rn 4 oratories, Inc. Bulleti 
Flame-lype mouth 


IN MANUFACTLRERS’ LITERATURE nealing machine for s' 
cases. Morrison Eng 
Bulletin Nf-305. 


Industrial Furnaces. W. S. Rock- Drycolene. General Electric fur- _ No-Carb, a liquid pal 
tion of carburization | 


well Co. Bulletin Ke-34. nace atmosphere. Bulletin Df-60. len. Park Ghocdenl 


Certain Curtain Furnaces. a Be Dual-Action quenching oil. Gulf Nf-141., 
Hayes, Inc. Bulletin Ne-15. Oil Co. Bulletin Df-360. 16-page engineering and data }, 
Modern Shell Furnaces. Mahr Man- Electric box type and muffle fur- let on proportioning oil byry. 
ufacturing Co. Bulletin Bf-5. naces. H. O. Swoboda, Inc. Bulletin !lauck Mfg. Co. Bulletin N¢-j9; 
Ef-379. Pictorial bulletin describes 
naces for heat treating, normali, 
annealing, forging. Vulcan (»- 





Vertical Furnace. Sentry Co. Bul- 
letin Ne-114, Lithco, the chemically-neutral heat 
Conveyor Furnaces. Electric Fur- ‘'"eating process, and Lithcarb, the 7") °*%: 
ieee Coe Bulletin Be-30. process for fast, bright gas-carburiz- Bulletin Ag-448. 
; . : ing. Lithium Corp. Bulletin Ef-319. _ 16-page catalog describes fw 
Industrial Carburetors. C. M. for heat treating ferrous and 
Kemp Mfg. Co. Bulletin Ce-219. we heated -_ bath furnaces ferrous metals. Despatch Ow 
New Electric Furnace. American Div — oe ectric Furnace Bulletin Ag-123. 
Electric Furnace Co. Bulletin Gd-2. ; iia Interesting and helpful int 
. - B eileen St - Dref Induction heating. Induction Heat- tion available on the use of aj 
Furnace Experience. Flinn & Dref- ing Corp. Bulletin Ef-323. pots for heating operation by | 
fein Co. Bulletin Bc-82. ‘ ; ‘ 7 Swedish Crucible Steel Co. Bulle 
2 aes ae Electric Furnaces. Ajax Electro- (yg 494 
Dehumidifier. Pittsburgh Lectro- thermic Corp. Bulletin He-41 < . 
dryer Corp. Bulletin Bb-187. i iii 
7 cs ees eT ne Easy-selection charts on gas- Fuel Engineering Co. Bulletin Ce 
ee ee ae eee Pur burning equipment. National Ma- Two new bulletins on verti 
pet ans =< ” - chine Works. Bulletin Ag-310. burizers and on carbonia | 
oe tog Se eee S.F.E. Standard Industrial furnace American Gas Furnace ( 
a catalog. Standard Fuel Engineering ‘in Cg-11. 
Turbo-compressors. Spencer Tur- Co. Bulletin Kf-388. Hagan rotary forging furnaces 
bine Co. Bulletin Cf-70. 8-page pictorial bulletin describes mang By dA 
Electric Furnaces for laboratory the heat treating service of Conti- ‘a om . - a 
and production heat treatment. Hos-  nental Industrial Engineers, Inc. Bul- wine. erikhann, cat 
ins Mfg. Co. Bulletin Cf-24. letin Nf-154. aging, § » etc. eepireeze 
zins Mig. Co eaten Div., Motor Products Corp. Bullet 
Kf-444, 
Heat treating furnaces. McCa 
Furnace Co. Bulletin Kf-446. 


Controlled atmosphere furnace lo 


heat treatment of tool and a 
Wore steels. Delaware Tool Steel Cor 
Bulletin Kf-439. 
Furnaces. Tate-Jones Co. Bullet 
PRODUCTION 3 KrAdT, 
of a | 


Gras-air premix machine, | 








Newly developed salt ba 
rial for use in Martempering | 
E. F. Houghton & Co. Bulletin De 


e = New Van Norman inducti 
A ing units are comprehensiv 
scribed and typical operations 
, tured in attractive 8-page fold 


, Van Norman Machine Tool ‘ 
letin Dg-487. 


New 8-page, well-illustrated 


log describes equipment for ! 


Illustrated is one of the largest top charge type hardening, flame-annealing, 


. A F 1 and 
electric furnaces in the United States. This is a nized-brazing, preheating and ol” 
localized open heat treatments 


17’ diameter, size KT, Lectromelt, and is produc- the Selas Co. Bulletin De-214 
ing 50-ton heats of highest quality alloy steel. High and low temp rature - 
fired furnaces as well as convecum 
Lectromelt furnaces of the top charge type pro- types for stress relieving and drae 
duce more steel per man hour. Their use results ing are described in new § Pat 
. ‘ ‘ Re Ba ‘ts Corp. u 
in savings of power, ne ote R-S Product 
and electrode and re- ‘Hy-Speed Case for ! “reasing the 


R fractory costs. Standard life of high speed tools. A. F. Holde 
Co. Bulletin Dg-55. 


Vou 
s Yi sizes range from 100- 
Ls cteomelt ton to 250-pound ca- ae 
/ ‘ teat Use Handy Coupon on Pate 
pacities. for Ordering Helpful | :terature 
Other Manufacturers’ | iterature . 
Pittsburgh Lectromelt Furnace Corporation Listed on Pages 798, 800, 802, 804, 906% 
PITTSBURGH, PENNSYLVANIA 812, 814 and * ya 
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VEN FURNACES BELL TYPE FURNACES 
» Speed, Carburizing RIVET HEATERS (Rectangular and 
4 Hardening Type) ig Circular Type) 


oe 


| FORGE FURNACES ee eh POT FURNACES 
| (Slot, Rod End and Oven ant . McKee (Rectangular and 
Eclipse Circular Type) 








ie 


ay 














orm amsnans Te yas ‘es: " si Bigs TANK HEATERS 
(Circular Pot Type) (Crucible and Pot Type) yet le 





Eclipse Fuel Engineering Company [UG;¢ 


ROCKFORD ILLINOIS Eclipse 








IN MINUTES ONLY! 





FLAT, UNIFORM, HIGH FINISHED 


By polishing 6 specimens simultaneously, by using stone laps 
and continuous flow solutions, by its simple technique, the 
JARRETT Metallographic Polishing Machine cuts specimen prep- 
aration to a matter of mere minutes. 


Further, the operation is so automatic that no technically trained 
operator is required. Even inexperienced operators produce uni- 
form, high-finish specimens in quantities, more quickly than is 
possible by other methods. 


Write for catalog and com- TRACY C 


ae ARRETT 


METALLURGICAL POLISHING EQUIPMENT 
BOX 3155, CATONSVILLE, MD. 
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WHAT'S NE 

ACTUAL PHOTOGRAPH IN MANUFACTURERS — 
Speed Case Stee! (.20 ’ 
Lee 


drawn bar tied in a knot, 


without fracture. 





“Indium and Indiur ating 
dium Corp. of An 1. Bulletis 
Df-376. a 

Modern Pickling. The Bnthone( 
Bulletin Ff-240. ’ 

Pickling. Wm. M. Parkin Co, Ry 
letin Ff-193. - 

Cadmium Plating. 1, duPoss 
deNemours & Co., Inc. Bulletin pa 
29. ” 

Anodizing and plating equipment 
Lasalco, Inc. Bulletin Kf-457. 

Degreasers. Phillips Manufacturing 
Co. Bulletin Ne-254, 

Electrochemical Descaling, 8 
lard-Dunn Process Div., Bullard (y 
Bulletin Ge-143. 

Jetal process and its characters 
tics as a protective coating. Alr 

Bulletin Gf-256. 


Chemical Co. 

Tumbling and cleaning. Go 
Stamping and Machine Co. B 
Kf-456. 


A LOW CARBON OPEN HEARTH PRODUCT Rust inhibiting wax coatings 
protection of metal. S. C. Jol 
Son, Inc. Bulletin Kf-426, 


ONE Sted that gives YOu sate ee eee. Alox Cor 


- High Speed Machining Casting cleaning methods in fou 
dries. N. Ransohoff, Inc. Bulletin! 


cia T-bib ae lilda 1-1) 1-Mee-l-) me ats ; 381 
- Smooth Finished Parts New industrial washing equi 
- High Physical Properties is described by American | 


: -<quipment Co. Bullet D 
. Excellent Impact Resistance Equipment Co sulleti 


- Good T i 1 Val 
H a cabieneed ie ng MELTING e CASTING e MI 
OPERATIONS 


Great Core Toughness 


Care of crucibles for brass, copper 
Juvctr 


; 
5 


TT aluminum and magnesium industries 
- Uawsve! Buctilicy Electro Refractories and Alloys Cor 
Bulletin Ff-396. 

Melting, holding and alloying 
naces. Fisher Furnace I 
Bg-195. 

Ingot Production. Gathma 
‘ neering Co. Bulletin Ka-13. 
SPEED CASE STEEL CARBURIZES “Electromet Products an i Ser 
in less time with HIGH CASE HARD- : Metallurgical Co. Bullet 

). 

NESS... CORE TOUGHNESS and Lectromelt Furnaces. Pittsburdl 
MINIMUM DISTORTION. Lectromelt Furnace Corp. Bullets 

Db-18. 
Aly i. Rotary positive blower 
in several fields, includ 
wane Oe un Cee. .« steel mill and foundry. Roots-\0 
nersville Blower Corp. Bullet 
131. 

Manganese-Titani 
Titanium Alloy Mfg. 
Ga-90. 

Licensee for Eastern States Operating Features 
charging methods o 


THE FITZSIMONS COMPANY egg hn un 
ulletin Bf-124. 


YOUNGSTOWN, OHIO =. 


- Reduced Carburizing Time 


1 
y 
3 
4 
5 
6 

7 
8. 
e 
©) 
1. 


— «= 


Minimum Distortion 


rods 


f stallati , 


g smelt 


Our metallurgists are at your service. 
Steeis 
Bulletia 


a pacities 
f 1e Hert uit 


Bridé 





Licensor ; ra 
Use Handy Coupon ige 


MONARCH STEEL COMPANY for Ordering Helpfu! erature 


HAMMOND - INDIANAPOLIS - CHICAGO Other Manufacturers’ | iterstere 
PECKOVER'S LTD., Toronto, Canadian Distributor Listed on Pages 798. 800, § ang 806, * 


810, 814 and 








MANUFACTURERS OF COLD FINISHED CARBON AND ALLOY STEEL BARS 
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FLUXING 


PROBLEMS INVITED 


Tell your troubles to Krembs . . . troubles 
with fluxes used for welding, brazing or 
silver soldering. Krembs has been solving 
such problems since 1895... has originated 
and perfected 89 different non-bubbling, 
quick flowing Fluxine Fluxes ... each for 
specific metal joining purposes. Fluxine 
Fluxes meet Army, Navy and Air Corps 
specifications. 





Cnt” Expla'n your difficulty FLUXINE Ne. 43 
fully and Krembs will For Silver Soldering 
r . . Stainless Steel, with 
Type 20 Heroult Furnace produc- send a free sample with low melting Silver 
ing stainless steel. An all-welded : . Solders. Most eco- 


instructions. nomical for brazing 


shelle with Silver 
Solder rings. 


pak TICULARLY designed and equipped for high- KREMBS AND C0. ng HEeetn Macy Saoe. 


floor-mounted unit embodying all 
latest improvements 


quality melting and refining of ferrous materials by Corps Spec. No 
either basic or acid process—including alloy, tool and forging 672 W. OHIO ST., CHICAGO 11316-A; Federal Ord- 
steels, iron and steel castings. Any capacity from ' ton to Chemists and Metallurgists nance Dept. Spec. No. 


Since 1875 AXS-500. 





#0 tons: removable roof, chute, machine or hand charging. 


\MERICAN BRIDGE COMPANY “\ P| 


neral Offices: Pitisburgh, Pi 














SAEED Oe 


(Je in the laree itie 
* 
4 nbia Steel Company, San Francisco, Pacific Coast Distribat 
United States Steel Export Company, New York 


UNITED STATES STEEL 


il 
« Colac, 


LOW DUSTING LOSS 
LOW SHRINKAGE - 
LONGER LIFE 
LOW BURNING LOSSES 






ee ite J 
ES TO JOIN ALL METALS 





No. 575 Pot-Hardening Furnace 


Equipped with lid-lifting mechanism 







which easily raises lid. and locks it in UP 
position. Heavily insulated with 8” 
quality, hi-temperature insulation. 
Top ring. constructed in 3 
sections, prevents cracking 
or distortion. Pot size, 14’ 
diameter, 20” deep. Loca 
tion of burners, near top 
of combustion chamber, in 
sures longer pot life. Vent 
damper regulates flow of 
exhaust gases. Use this 
unit with a large blower 
for maximum performance. 
$325 F.O.B. Factory 
Blower Extra. 






JOHNSON GAS APPLIANCE Co. 
588 E Ave., N.W., Cedar Rapids, lowa 








oa 


| CHaR oRODDERS bus EE Ne oe mt 






be NEW JOHNSON CATALOG 
WRITE ADDRESS ABOVE 





May. 1943; Page 813 





NEE 


GOVERNMENT “SPECS 
for ALLOY STEELS! 


Revised Frasse Data Chart Now Available... 


Incorporating all recent additions, 
this new Frasse Data Chart enables 
you to identify latest Government 
“specs” for alloy steels at a glance. 

It shows che chemical analysis 
requirements for each Army, Navy, 
and Federal specification, together 
with its nearest commercial equiv- 


alent in SAE, AISI, and AMS num- 


bers. Government “specs” for the 
new NE steels are included. 

The chart is handy file size, 
printed on tough stock, and suitable 
for wall or desk use. If you're work- 
ing to Government “specs,” you'll 
find it invaluable. Just send in the 
coupon—a copy will be sent to you 


by return mail. 


Mechanical and: 
Aircraft STEELS: 


PETER A. FRASSE & CO., Inc 10 
Grand Sr. at Sixth Ave 
New York, N.Y 


Please send me a copy of your latest Frasse Data 
Chart, Section D, No 


tor alloy steels and correspor 


1, showing Government “specs 


aing commercail des 
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How Research Has 
velopments that make 
converter process desi 
source of high tempera 
Whiting Corp. Bulletin 


Electric Furnaces. Detroit Elec, 
Furnace Div., Kuhlman Electric ( 
Bulletin Hd-271. 7 


Chrom-X for steel mill and fou 
ry. Chromium Mining & Smelj, 
Co. Bulletin Kf-451. > 


Desulphurizer for molten jr 
Columbia Chemical Div., Pittsburg 
Plate Glass Co. Bulletin Cg-4g9, ~ 


Chart for the correction of brasw 
for zinc loss should interest found 
men. Foundry Services, Ine. 
letin Dg-489. 


Alloy additions to gray iron 
able and semi-steel are discussed 
newest information presents 
booklet by Niagara Falls Smelting 
Refining Corp. Bulletin Dg-467 


ENGINEERING e APPLICA: 
TIONS e PARTS 


engineer’s handbook 
trical contacts. Fanstee! Met 
cal Corp. Bulletin Eg-477. 


Just released by Atlas Brass |} 
dry is an 84-page catalog listing 
and prices of hundreds of ! 
bronze bushings and porous 
taining bearings. Bulletin Eg 

Finding list and list of s 
alloy metals. Hobart Broth 
Bulletin Eg-20. 


200 different types of ca 
described in new 32-page bi 
the Hamilton Foundry & Mac! 
Bulletin Eg-498. 


Production of gray iron a 
steel castings is described t 
trated booklet issued by Fort 
Foundries Co. Bulletin Eg-499 


Flanges and other drop jor 
Ladish Drop Forge ‘ 
Eg-441. 

Chace manganese alloy N 
sheets, strips, rod and specia 
described by W. M. Cha 
letin Eg-232. 


An 


Centrifugal castings 
Penn Mold Co. Bulleti 

Electrical, corrosion 
sisting alloys in rod, 
and strip forms. Will 
Co. Bulletin Kf-430 


Carburizing Boxes. 
Co. Bulletin Ce-269 

Duraspun Centrif! 
Duraloy Co. Bulletin ! 





Use Handy Coupon « 

for Ordering Helpful 
Other Manufacturers 
Listed on Pages 798, 800, 5 
810, 812 and > 
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MLICA 


ie * DEVELOPED. primarily, for shell produc- 
ils tion in forging machines and shell presses. Furnished also for 
9 tools and inserts where extreme toughness and resistance to 
heat checking and abrasion are prime requisites. 


* Adapted for use with coolant, greatly pro- 
longing tool life and promoting high production. Requires 
only simple heat treatment... may be hardened by normaliz- 
ing in still air or by oil quenching. 


2 % A. FINKL & SONS CO. 


we \ . Chécage > 











*& BUY U.S. WAR BONDS and STAMPS 


i, 8 
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Conservation is “Personified” in 
Amsco Alloy Flexboxes ..... 


From the time a heat treating box 
is first put in service, destructive 
forces are fighting to shorten its 
life: high furnace temperatures, 
variable temperatures during the 
heat treating cycle, differential 
heating, and corrosive vapors. 
All such containers are bound to 
burn out, crack or break, sooner 
or later. But the “Flexbox” de- 
sign and the high heat resistance 
of Amsco Alloy combine to coun- 
ter-attack with an effectiveness 
which usually makes this “later.” 

Patented “Flexbox” heat-treat- 
ing and carburizing boxes are 
made of the grade of Amsco Al- 
loy best adapted to the specific 
application. 

The “Flexbox” body is made 
in three or four separate cast 
pieces. The sides have tongue and 
groove joints and are held in 
place by a tack weld. The sides 
and ends are corrugated (when 
practicable) to give greater 
strength at high temperatures, 
and the bottoms have legs for use 
in batch type furnaces, providing 
complete circulation around the 


AMERICAN MANGANESE STEEL DIVISION 


Chicago Heights, Itinots 


FOUNDRIES AT CHICAGO HEIGHTS 


ai, NEW CASTLE, DEL. DENVER 


container. The covers are light 
cast pieces, furnished either flat 
or corrugated. As in the case of 
all Amsco Alloy parts, X-rays of 
castings for checking 
minimize the possibility of plac- 


selected 


ing defective parts in service. 

Sufficient clearance is allowed 
in the joints to absorb expansion 
from heating of the parts, and 
for contraction in cooling without 
appreciable loss of gas. This fea- 
ture is highly effective in retard- 
ing distortion or cracking of the 
castings. Should an occasion arise 
wherein it is advisable to replace 
a section of a “Flexbox,” it can 
be done without difficulty. 

Using “Flexboxes” is one sure 
way to reduce heat treating box 
replacement costs, and to con- 
serve metal. 

Write for bulletin on Amsco 
\lloy “Flexboxes.” 


R-428 Cylindrical “Flexboxes” made in four 
sections. 


R-666 “Flexboxes” for carburizing at 1650- 
1750° F. with side lugs for handling 
loaded boxes. Legs are welded on in- 
stead of being cast integral to avoid 
casting stresses, 

R-610 “Flexboxes” 
and grooved 
flanged bottom 
sides. 


made in three tongue 
cover and 
clamps to 


sections, 
which 











COLO., OAKLAND, CALF, LOS ANGELES, CALF, ST LOUIS, MO. 


OFFICES IN PREVCIPAL CITIES 
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ee, 


Meehanite Castings. 
search Institute. Bullet 


X-Ray Inspected Cas 
Alloys Co. Bulletin Ld 


Ledaloyl, self-lubrica} 
Johnson Bronze Co. B 


Metal Baskets. W. 
Bulletin Bf-359. 


Steel Castings. Chicag 
dry Co. Bulletin He-184 


Heat Resisting Alloys 
loys Co. Bulletin D-17. 


; Pipes and Tubes. Michiga 
Casting Co. Bulletin Bb-84. 


\ 


Metal Powders. Metals Disinteg 
ing Co. Bulletin Ec-208a. 


Bimetals and Electrical ( 
The H. A. Wilson Company. Bulk 
Cf-370. 


Handy wire data chart. ( 
Tungsten Corp. Bulletin Ef-327 


Corrosion and heat resistant a 
Lebanon Steel Foundry. Bulleti 
387. 

Lead-base metals. Magnolia \ 
Co. Bulletin Kf-422. 


Cr-Ni-Mo Steels. A. 
Co. Bulletin La-23. 


Fink! & § 


Industrial baskets, crates. ty 
fixtures. Rolock, Inc. Bulletin | 


Standard and special shapes 
seamless steel tubing are descri 
and pictured in new leaflet by S 
merill Tubing Co. Bulletin Lf-10! 

Seamless pressed stee! heat 
ing containers. Eclipse Fue 
neering Co. Bulletin Ag-22 


Cooper standard alloys 
Alloy Foundry Co. Bullet 

48-page catalog on manga 
American Manganese S|! 
American Brake Shoe & | 
Bulletin Cg-9. 


Oilite precision oil cus! 
bearings and other po 
bar, plate and strip stocks 
prehensively described 
catalog issued by A 
Chrysler Corp. Bulletin ! 


Alloy Castings. Ohio St 
Co. Bulletin Dg-40. 


GENERAL 


Highly interesting h 
development of piping 
in the Spring 1943 Its 
Turns Sparks. Bulleti: 





Use Handy Coupon Oo 

for Ordering Helpful | 
Other Manufacturers 
Listed on Pages 798, 800, 5! 
810, 812 and & 








